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BACTERIAL HOSTS FOR RECOMBINANT PROTEIN EXPRESSION

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/209,239 filed

June 10, 2021, the contents of which are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002] Microbial host cell expression systems are used for production of recombinant proteins
with varying degrees of success. Recombinant protein degradation and low yield remain
challenges. Alterations of the host cell genome to optimize the production of high-quality
protein often result in frustratingly low host cell growth and production yields. Recombinant

host cells that achieve both high quality and high yield of recombinant proteins remain needed.

SUMMARY OF THE INVENTION
[0003] The present invention provides recombinant bacterial host cells and methods for their use
to produce high quality recombinant proteins at high yield. In particular, the compositions and
methods provided by the invention are useful for producing recombinant proteins that are
sensitive to proteolysis, including antibodies and antibody fragments. The invention includes
recombinant gram-negative bacterial host cells comprising combinations of genetic modifications
that result in reduced degradation of a recombinant protein while allowing growth to high cell
density. In some embodiments, a recombinant gram-negative bacterial host cell of the present
invention is deficient in first protease activity and a second protease activity, wherein the first
protease activity is a tail-specific protease activity and the second protease activity is a murein
DD-endopeptidase activity. In some embodiments, the invention relates to a recombinant gram-
negative bacterial host cell that is deficient in tail-specific protease activity and a murein DD-
endopeptidase activity, wherein the host cell produces high quality, undegraded, recombinant
protein, and grows to a high cell density. In some embodiments, the murein DD-endopeptidase
activity is a MepM activity. In some embodiments, the gram-negative bacterial host cell is not
deficient in a MepS activity. In some embodiments, the recombinant gram-negative bacterial
host cell deficient in a first protease activity and a second protease activity, wherein the first
protease activity is a tail-specific protease activity, and the second protease activity is a MepM
murein DD-endopeptidase activity, is further deficient in at least one additional protease activity,
at least one autolytic factor activity, or both. In some embodiments, the at least one additional
protease activity is a serralysin precursor activity. The deficiency in a protein activity, e.g., the
first protease, the second protease, an additional protease, or an autolytic factor, can result from a
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mutation in one or more gene. The invention further provides methods for producing intact,
soluble, and/or active recombinant proteins of interest at high yield using the inventive
recombinant gram-negative bacterial host cells. In some embodiments, the recombinant protein
of interest is a Fab’. In some embodiments, the Fab’ binds to TNF-o.
[0004] The present invention includes a recombinant gram-negative bacterial host cell for
recombinant protein expression, wherein the host cell is: (a) deficient in a first protease activity,
wherein the first protease activity is tail-specific protease activity, wherein the deficient first
protease activity results from a mutation in at least one gene encoding a tail-specific protease;
(b) deficient in a second protease activity, wherein the second protease activity is murein DD-
endopeptidase activity, wherein the deficient second protease activity results from a mutation in
at least one gene encoding a murein DD-endopeptidase. In some embodiments, the recombinant
gram-negative bacterial host cell further: (c) is deficient in at least one additional protease
activity, wherein the deficient additional protease activity results from a mutation in at least one
gene encoding an additional protease, wherein the additional protease is different from the
proteases of (a) and (b); (d) is deficient in one or more autolytic factor activity, wherein the
deficient autolytic factor activity results from a mutation in at least one gene encoding an
autolytic factor; (e) overexpresses one or more inactivated protease; (f) overexpresses one or
more folding modulator; or (g) any combination of (c), (d), (¢) and (f). In some embodiments,
the deficient tail-specific protease activity results from a mutation in a gene encoding one or
more of: (i) a Prc1 tail-specific protease having the amino acid sequence set forth as SEQ ID NO:
33, a homologue of SEQ ID NO: 33, or a Prc1 tail-specific protease related protein having an
amino acid sequence at least 30% similar to SEQ ID NO: 33; (ii) a Prc2 tail-specific protease
having the amino acid sequence set forth as SEQ ID NO: 35, a homologue of SEQ ID NO: 35, or
a Prc2 tail-specific protease related protein having an amino acid sequence at least 30% similar to
SEQ ID NO: 35; or (iii) a Tsp tail-specific protease having the amino acid sequence set forth as
SEQ ID NO: 71, a homologue of SEQ ID NO: 71, or an Tsp tail-specific protease related protein
having an amino acid sequence at least 30% similar to SEQ ID NO: 71. In some embodiments,
the deficient murein DD-endopeptidase activity results from a mutation in a gene encoding one
or more of: (1) a MepM 1 murein DD-endopeptidase having the amino acid sequence set forth as
SEQ ID NO: 1, a homologue of SEQ ID NO: 1, or a murein DD-endopeptidase related protein
having an amino acid sequence at least 30% similar to SEQ ID NO: 1; (ii) a MepM murein DD-
endopeptidase having the amino acid sequence set forth as SEQ ID NO: 63, a homologue of SEQ
ID NO: 63, or a murein DD-endopeptidase related protein having an amino acid sequence at least
30% similar to SEQ ID NO: 63; (iii) a MepM1 murein DD-endopeptidase having the amino acid
sequence set forth as SEQ ID NO: 65, a homologue of SEQ ID NO: 65, or a murein DD-

2



WO 2022/261377 PCT/US2022/032911

endopeptidase related protein having an amino acid sequence at least 30% similar to SEQ ID
NO: 65; and (iv) a MepM1 murein DD-endopeptidase having the amino acid sequence set forth
as SEQ ID NO: 66, a homologue of SEQ ID NO: 66, or a murein DD-endopeptidase related
protein having an amino acid sequence at least 30% similar to SEQ ID NO: 66. In some
embodiments, the host cell of (c) is deficient in 1 to 10 different additional protease activities; the
host cell of (d) is deficient in 1-5 different autolytic factor activities; the host cell of (e)
overexpresses 1 to 10 different inactivated proteases, wherein each inactivated protease is
different; the host cell of (f) overexpresses 1-10 different folding modulators, or any combination
thereof. In some embodiments, the one or more deficient additional protease activity of (c)
results from a mutation of at least one gene encoding an additional protease independently
selected from: a serralysin precursor, a membrane-localized protease, a murein L,D
transpeptidase, a hemolysin precursor, a D-alanyl-D-alanine carboxypeptidase/endopeptidase
AmpH precursor, a periplasmic serine endoprotease, an AAA+ family proteolytic machine, and a
murein DD-endopeptidase different from that of (a); the one or more deficient autolytic factor
activity of (d) results from a mutation of at least one gene encoding an autolytic factor
independently selected from: an S-type pyocin, a linear gramicidin synthase subunit D, a
hemolysin precursor, a leukotoxin, and a porin; the one or more inactivated protease of (e) is a
mutant periplasmic serine endoprotease; and the one or more folding modulator of (f) is a
disulfide isomerase. In some embodiments, the serralysin precursor is selected from: a serralysin
precursor having the amino acid sequence set forth as SEQ ID NO: 9; a homologue of the
serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9; or a serralysin
precursor related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 9; a serralysin precursor having the amino acid sequence set
forth as SEQ ID NO: 47; a homologue of the serralysin precursor having the amino acid
sequence set forth as SEQ ID NO: 47; a serralysin precursor related protein having at least 60%
similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 47; the
membrane-localized protease is an HtpX having the amino acid sequence set forth as SEQ ID
NO: 39, a homologue of the HtpX having the amino acid sequence set forth as SEQ ID NO: 39,
or an HtpX related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence set forth as SEQ ID NO: 39; the murein L,D transpeptidase is a murein L,D
transpeptidase having the amino acid sequence set forth as SEQ ID NO: 41, a homologue of the
murein L,D transpeptidase having the amino acid sequence set forth as SEQ ID NO: 41, ora
murein L,D transpeptidase related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence set forth as SEQ ID NO: 41; the hemolysin precursor is a hemolysin
precursor having the amino acid sequence set forth as SEQ ID NO: 43, a homologue of the
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hemolysin precursor having the amino acid sequence set forth as SEQ ID NO: 43, or a hemolysin
precursor related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 43; the D-alanyl-D-alanine carboxypeptidase/endopeptidase
AmpH precursor is a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor
having the amino acid sequence set forth as SEQ ID NO: 45, a homologue of the D-alanyl-D-
alanine carboxypeptidase/endopeptidase AmpH precursor having the amino acid sequence set
forth as SEQ ID NO: 45, or a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH
precursor related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 45; the periplasmic serine endoprotease is selected from: a
DegP2 having the amino acid sequence set forth as SEQ ID NO: 31; a homologue of the DegP2
having the amino acid sequence set forth as SEQ ID NO: 31; a DegP2 related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO:
31; a DegP having the amino acid sequence set forth as SEQ ID NO: 69; a homologue of the
DegP having the amino acid sequence set forth as SEQ ID NO: 69; a DegP related protein having
at least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID
NO: 69; a DegP having the amino acid sequence set forth as SEQ ID NO: 62; a homologue of the
DegP having the amino acid sequence set forth as SEQ ID NO: 62; and a DegP related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence set forth as
SEQ ID NO: 62; the AAA+ family proteolytic machine comprises an HslU protease having the
amino acid sequence set forth as SEQ ID NO: 37, a homologue of the HslU protease having the
amino acid sequence set forth as SEQ ID NO: 37, or a HslU related protein having at least 60%
similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 37; and an
HslV protease having the amino acid sequence set forth as SEQ ID NO: 38, a homologue of the
HslV protease having the amino acid sequence set forth as SEQ ID NO: 38, or a HslV related
protein having at least 60% similarity or at least 60% identity to the amino acid sequence set
forth as SEQ ID NO: 38; the murein DD-endopeptidase is selected from: a MepM2 protease
having the amino acid sequence set forth as SEQ ID NO: 3; a homologue of the MepM2 protease
having the amino acid sequence set forth as SEQ ID NO: 3; a MepM2-related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO:
3; a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 64; a homologue
of the MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 64; or a
MepM2-related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 64; a MepM2 protease having the amino acid sequence set
forth as SEQ ID NO: 67; a homologue of the MepM?2 protease having the amino acid sequence
set forth as SEQ ID NO: 67, a MepM2-related protein having at least 60% similarity or at least
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60% identity to the amino acid sequence set forth as SEQ ID NO: 67; a MepM2 protease having
the amino acid sequence set forth as SEQ ID NO: 68; a homologue of the MepM?2 protease
having the amino acid sequence set forth as SEQ ID NO: 68; and a MepM2-related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence set forth as
SEQ ID NO: 68; the S-type Pyocin is an S-type Pyocin having the amino acid sequence set forth
as SEQ ID NO: 49, a homologue of the S-type Pyocin having the amino acid sequence set forth
as SEQ ID NO: 49, or an S-type Pyocin related protein having at least 60% similarity or at least
60% identity to the amino acid sequence set forth as SEQ ID NO: 49; the linear gramicidin
synthase is a linear gramicidin synthase having the amino acid sequence set forth as SEQ ID NO:
51, a homologue of the linear gramicidin synthase having the amino acid sequence set forth as
SEQ ID NO: 51, or a linear gramicidin synthase related protein having at least 60% similarity or
at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 51; the leukotoxin is a
leukotoxin having the amino acid sequence set forth as SEQ ID NO: 53, a homologue of the
leukotoxin having the amino acid sequence set forth as SEQ ID NO: 53, or a leukotoxin related
protein having at least 60% similarity or at least 60% identity to the amino acid sequence set
forth as SEQ ID NO: 53; the ShIB hemolysin transporter is an ShIB hemolysin transporter having
the amino acid sequence set forth as SEQ ID NO: 55, a homologue of the an ShiB hemolysin
transporter having the amino acid sequence set forth as SEQ ID NO: 55, or an ShIB hemolysin
transporter related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence set forth as SEQ ID NO: 55; each of the one or more overexpressed inactivated
proteases is independently selected from: P. fluorescens DegP2 S219A; an inactivated DegP2
comprising an amino acid substitution or disruption of the amino acid sequence set forth as SEQ
ID NO: 31; an inactivated DegP2 comprising an amino acid substitution or disruption of a
homologue of the amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2-related
protein comprising an amino acid substitution or disruption of a DegP2 having at least 60%
similarity or at least 35% identity to amino acid sequence set forth as SEQ ID NO: 31; an
inactivated DegP comprising an amino acid substitution or disruption of the amino acid sequence
set forth as SEQ ID NO: 69; an inactivated DegP comprising an amino acid substitution or
disruption of a homologue of the amino acid sequence set forth as SEQ ID NO: 69; an
inactivated DegP-related protein comprising an amino acid substitution or disruption of a DegP
having at least 60% similarity or at least 35% identity to amino acid sequence set forth as SEQ
ID NO: 69; an inactivated DegP/HtrA comprising an amino acid substitution or disruption of the
amino acid sequence set forth as SEQ ID NO: 62; an inactivated DegP/HtrA comprising an
amino acid substitution or disruption of a homologue of the amino acid sequence set forth as
SEQ ID NO: 62; an inactivated DegP/HtrA-related protein comprising an amino acid substitution
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or disruption of a DegP having at least 60% similarity or at least 35% identity to amino acid
sequence set forth as SEQ ID NO: 62; an inactivated DegP, DegP-related protein, or DegP
homologue having a substitution or disruption of an amino acid at a position corresponding to
any one of 131 (His), 134 (Asp) and 236 (Ser) (SEQ ID NO: 62, referring to numbering
including leader sequence 1-26), or respective positions 105, 108, and 210, when excluding the
leader sequence; an inactivated DegP, DegP-related protein, or DegP homologue having an
amino acid substitution corresponding to £. coli Htr S210A; an inactivated DegP, DegP-related
protein, or DegP homologue having an amino acid substitution corresponding to £. coli Htr
H105R; and an inactivated DegP, DegP-related protein, or DegP homologue having a
substitution or disruption of any one or more amino acid at a position corresponding to any one
of: 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 146, 147, 148, 149, 150, 151, 152,
217,218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, and 234 of
SEQ ID NO: 31; and each of the one or more folding modulators is independently selected from:
a disulfide bond isomerase having an amino acid sequence set forth as any one of SEQ ID NOS:
76-81; a homologue of a disulfide bond isomerase having an amino acid sequence set forth as
any one of SEQ ID NOS: 76-81; a disulfide bond isomerase-related protein having at least 60%
similarity or at least 60% identity to an amino acid sequence set forth as any one of SEQ ID
NOS: 76-81; a protein disulfide isomerase having an amino acid sequence set forth as any one of
SEQ ID NOS: 27 and 82-98; a homologue of a protein disulfide isomerase having an amino acid
sequence set forth as any one of SEQ ID NOS: 27 and 82-98; and a protein disulfide isomerase-
related protein having at least 60% similarity or at least 60% identity to an amino acid sequence
set forth as SEQ ID NOS: 27 and 82-98.

[0005] In some embodiments, the mutation is in a coding sequence or noncoding sequence of the
corresponding gene, and the mutation is independently selected from: (i) a complete gene
deletion, (ii) a partial gene deletion, (iii) a missense mutation, (iv) a nonsense mutation, (v) a
frameshift mutation, (vi) an insertion, and (vii) any combination of (ii), (iii), (iv), (v) and (vi). In
some embodiments, the missense mutation of (iii) results in a conservative or non-conservative
amino acid substitution. In some embodiments, the noncoding sequence is a regulatory
sequence. In some embodiments, the gram-negative bacterial host cell further comprises a
functional protease activity, wherein the functional protease activity is the activity of: a MepS1
having the amino acid sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having
the amino acid sequence set forth as SEQ ID NO: 5; or a MepS1 related protein having at least
50% sequence similarity to the P. fluorescens MepS1 protease amino acid sequence set forth as
SEQ ID NO: 5. In some embodiments, the gram-negative bacterial host cell further comprises a
functional protease activity, wherein the functional protease activity is: a MepS2 having the
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amino acid sequence set forth as SEQ ID NO: 7; a homologue of the MepS2 having the amino
acid sequence set forth as SEQ ID NO: 7; or a MepS2 related protein having at least 50%
sequence similarity to the P. fluorescens MepS2 protease amino acid sequence set forth as SEQ
ID NO: 7. In some embodiments, the gram-negative bacterial host cell is a Pseudomonad. In
some embodiments, the gram-negative bacterial host cell is a Pseudomonad, and the deficient
first protease activity results from a mutation of a coding sequence and/or noncoding sequence of
a gene encoding P. fluorescens Prcl and/or a mutation of a coding sequence and/or noncoding
sequence of a gene encoding P. fluorescens Prc2. In some embodiments, the second protease
activity is deficient due to a mutation that results in a conservative or non-conservative
substitution in an active site amino acid or an allosteric site amino acid of a protease having the
second protease activity. In some embodiments, the deficient second protease activity results
from at least one mutation of the second protease gene, wherein the mutation results in a
disruption of the amino acid sequence at a position corresponding to: (i) any one or more of
residues 134 to 145 of SEQ ID NO: 1; (ii) any one or more of residues 319 to 411 of SEQ ID
NO: 1; (iii) one or more of residues any 361 to 378 of SEQ ID NO: 1; (iv) any one or more
residue selected from 248, 319, 330, 332, 334, 337, 378, 410, and 411 of SEQ ID NO: 1; or any
combination of (i), (ii), (iii), and (iv). In some embodiments, the bacterial host cell is
Pseudomonas fluorescens, and the deficient second protease activity results from a gene mutation
that results in an amino acid substitution of SEQ ID NO: 1 selected from: Y248stop, G3328,
D334N, A337T, H411Y, P410L, and any conservative or non-conservative amino acid
substitution of any one of R319, H330, D334, H378, and H411.

In some embodiments, the recombinant gram-negative bacterial host cell is capable of high-
density cell growth in culture. In some embodiments, the high-density cell growth in culture
comprises growth to OD575 of about 80 to about 300. In some embodiments, the high-density
cell growth in culture is increased in comparison to a control cell by about 2-fold to about 15-
fold. In some embodiments, the recombinant gram-negative bacterial host cell and the control
cell, respectively, are selected from: (i) a recombinant gram-negative bacterial host cell deficient
in the first protease activity and the second protease activity, and a corresponding gram-negative
bacterial host cell deficient in the first protease activity and wherein the second protease is
functional; (ii) a recombinant gram-negative bacterial host cell deficient in the first protease
activity, the second protease activity, and an additional protease activity as recited in 2(c)
hereinabove, and a corresponding gram-negative bacterial host cell deficient in the first protease
activity and the second protease activity, and wherein the additional protease activity of 2(c) that
is deficient in the compared recombinant gram-negative bacterial host cell is functional; and (iii)
a recombinant gram-negative bacterial host cell deficient in the first protease activity and the
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second protease activity, and comprising a functional protease that is: a MepS1 having the amino
acid sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having the amino acid
sequence set forth as SEQ ID NO: 5; or a MepS1 related protein having at least 50% sequence
similarity to the P. fluorescens MepS1 amino acid sequence set forth as SEQ ID NO: 5, and a
corresponding gram-negative bacterial host cell deficient in the activity of the first protease and
the second protease, and deficient in the functional protease of the compared recombinant gram-
negative bacterial host cell. In some embodiments, the additional protease activity of 2(c) is an
activity of a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9; a
homologue of the serralysin precursor having the amino acid sequence set forth as SEQ ID NO:
9; or a serralysin precursor related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence set forth as SEQ ID NO: 9.
[0006] In some embodiments, the recombinant gram-negative bacterial host cell further
comprises at least one expression construct, each expression construct comprising at least one
nucleic acid sequence encoding a recombinant protein of interest. In some embodiments, the
recombinant protein of interest is native or heterologous to the recombinant gram-negative
bacterial host cell. In some embodiments, the recombinant protein of interest is selected from: an
antibody, antibody fragment, or derivative of an antibody or antibody fragment; an antibody-
based drug, a non-antibody binding protein (e.g., an antibody mimetic, including, but not limited
to, an alphabody, an iBody, an affibody, an affilin, an affitin, or an anticalin), a reagent protein; a
vaccine antigen; a therapeutic protein or enzyme; non-natural protein; a pathogen protein or
derivative thereof, a microbial toxin, a lipoprotein; an extracellular receptor or ligand; a protease;
a kinase; a blood protein; a chemokine; a cytokine; a bone morphogenic protein; an
anticoagulant; a blood factor; a bone morphogenetic protein; an engineered protein scaffold; an
enzyme, e.g., a biocatalytic enzyme; a growth factor; an interferon; an interleukin; a thrombolytic
agent; a hormone; and a TGF-beta family member protein. In some embodiments, the
recombinant protein of interest is human, murine, rat, rabbit, guinea pig, camelid, shark, avian,
yeast, fungal, gram-negative bacterial, or gram-positive bacterial. In some embodiments, the
antibody, antibody fragment, or derivative thereof is selected from: a monoclonal antibody; a
complementarity determining region (CDR) fragment; a CDR-grafted antibody; a single-chain
antibody; a single chain antibody fragment; modified antibody, a bispecific antibody, a chimeric
antibody; a diabody; a triabody; a tetrabody; a minibody; a linear antibody; a chelating
recombinant antibody; a bibody; a tribody; an intrabody; a nanobody; a small modular
immunopharmaceutical (SMIP); an antigen-binding-domain immunoglobulin fusion protein; a
camelid antibody; a shark single domain antibody, an avian antibody (e.g., a chicken antibody), a
VHH-containing antibody; a F(ab); a F(ab)’; F(ab) 2; scFv; an Fc fragment generated from the
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heavy chain constant region of an antibody; a reduced IgG fragment (e.g., generated by reducing
the hinge region disulfide bonds of 1gG); an Fc fusion protein (e.g., comprising the Fc domain of
IgG fused together with a protein or peptide of interest); a domain antibody; a VL; a VNAR; a
VH; and a VHH. In some embodiments, the VHH-containing antibody is a VHH concatenated
antibody. In some embodiments, the antibody, antibody fragment, or derivative thereof, binds to
a target selected from: a cytokine; a chemokine; a drug; a cell-surface protein, e.g., a receptor,
cell-surface marker, pathogen surface-protein, etc.; a growth factor; a growth factor receptor;
immune checkpoint molecule, and a blood factor. In some embodiments, the antibody, antibody
fragment, or derivative thereof is a Fab’. In some embodiments, the Fab’ binds to a target
selected from: Carcinoembryonic antigen (CEA), CD22; fibrin II, beta chain, TNF-alpha; and
NCA-90 (granulocyte antigen). In some embodiments, the at least one expression construct
encoding the antibody, antibody fragment, or derivative thereof comprises at least one nucleic
acid sequence encoding a heavy chain, at least one nucleic acid sequence encoding a light chain,
or both, wherein the heavy chain is full-length or a heavy chain fragment, and the light chain is
full-length or a light chain fragment. In some embodiments, the at least one expression construct
encoding the antibody, antibody fragment, or derivative thereof comprises at least two nucleic
acid sequences, each encoding a heavy chain. In some embodiments, the at least one expression
construct encoding the antibody, antibody fragment, or derivative thereof comprises a nucleic
acid sequence encoding a heavy chain and a nucleic acid sequence encoding a light chain,
wherein the heavy and light chain are expressed from the same mRNA transcript. In some
embodiments, the at least one expression construct encoding the antibody, an antibody fragment,
or derivative thereof comprises a nucleic acid sequence encoding a heavy chain and a nucleic
acid sequence encoding a light chain, wherein the heavy and light chain are expressed from
different mRNA transcripts. In some embodiments, each heavy chain-encoding nucleic acid
sequence and each light chain-encoding nucleic acid sequence is individually operably linked to
an independently selected nucleic acid sequence encoding a periplasmic secretion signal. In some
embodiments, the periplasmic secretion signal has the amino acid sequence set forth as SEQ ID
NO: 11, 13, 15, or 17. In some embodiments, the expression construct comprises: a nucleic acid
sequence encoding an antibody heavy chain, operably linked to a nucleic acid sequence encoding
a periplasmic secretion signal, wherein the periplasmic secretion signal has the amino acid
sequence set forth as SEQ ID NOS: 11, 13, 15, or 17; a nucleic acid sequence encoding a light
chain, operably linked to a nucleic acid sequence encoding a periplasmic secretion signal,
wherein the periplasmic secretion signal has the amino acid sequence set forth as SEQ ID NOS:
11, 13, 15, or 17; or both. In some embodiments, the antibody, antibody fragment, or derivative
thereof is humanized. In some embodiments, the Fab’ is certolizumab. In some embodiments,
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the Fab’ heavy chain has the amino acid sequence set forth as SEQ ID NO: 21, and the Fab’ light
chain has the amino acid sequence set forth as SEQ ID NO: 23. In some embodiments, the
nucleic acid sequence encoding the heavy chain is operably linked to a nucleic acid sequence
encoding a secretion leader having the amino acid sequence set forth as SEQ ID NO: 11, and the
nucleic acid sequence encoding the light chain is operably linked to a nucleic acid sequence
encoding a secretion leader having the amino acid sequence set forth as SEQ ID NO: 13.

[0007] In some embodiments, the recombinant gram-negative bacterial host cell is deficient in:
(1) the first protease activity; (ii) the second protease activity; (iii) the activity of a serralysin
precursor having the amino acid sequence set forth as SEQ ID NO: 9, a homologue of the
serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9, or a serralysin
precursor related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 9; (iv) an HslU protease having the amino acid sequence set
forth as SEQ ID NO: 37, a homologue of the HslU protease having the amino acid sequence set
forth as SEQ ID NO: 37, or a HslU related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 37, and (v) an HslV protease having
the amino acid sequence set forth as SEQ ID NO: 38, a homologue of the HslV protease having
the amino acid sequence set forth as SEQ ID NO: 38, or a HslV related protein having at least
60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 38.
In some embodiments, the host cell further overexpresses an exogenous inactivated DegP,
wherein the inactivated DegP is selected from: P. fluorescens DegP2 S219A; an inactivated
DegP2 derived from the amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2
derived from the amino acid sequence set forth as SEQ ID NO: 62; an inactivated DegP2 derived
from a homologue of the amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2
derived from a DegP2 having at least 60% similarity or at least 60% identity to amino acid
sequence set forth as SEQ ID NO: 31; an inactivated DegP2 derived from a DegP2 having at
least 60% similarity or at least 60% identity to amino acid sequence set forth as SEQ ID NO: 62;
and each of the proteases having the amino acid sequence set forth as SEQ ID NO: 31
comprising a conservative or nonconservative amino acid substitution or disruption of any one or
more of residues 116, 146, 219, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 146, 147,
148, 149, 150, 151, 152, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230,
231,232,233, and 234. In some embodiments, the recombinant gram-negative bacterial host cell
overexpresses an exogenous disulfide isomerase selected from any one of: a disulfide isomerase
having at least 60% similarity or at least 60% identity to an amino acid sequence set forth as SEQ

ID NO: 27, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73, and a homologue of a disulfide
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isomerase having the amino acid sequence set forth as SEQ ID NO: 27, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72, and 73.

[0008] In some embodiments, the recombinant gram-negative bacterial host cell is selected from:
a Pseudomonad host cell; an E. coli host cell; and a Vibrio host cell. In some embodiments, the
host cell is a gram-positive host cell, e.g., a Bacillus host cell. In some embodiments, the
Pseudomonad host cell is a Pseudomonas host cell. In some embodiments, the Pseudomonas
host cell is P. fluorescens, P. putida, or P. aeruginosa. In some embodiments, the recombinant
gram-negative bacterial host cell is: (1) 1sc::laclQ1; (i1) Prel-; (i1) Prc2-; (ii1) HslU-; (iv) HslV-;
(v) MepM1-; (vi) PyrF-; and (vii) deficient in a serralysin precursor that is: a serralysin precursor
having the amino acid sequence set forth as SEQ ID NO: 9; a homologue of the serralysin
precursor having the amino acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 9; wherein the serralysin precursor deficiency results from a mutation in
a gene encoding the serralysin precursor. In some embodiments, the recombinant gram-negative
bacterial host cell is P. fluorescens, the Prcl has the amino acid sequence set forth in SEQ ID
NO: 33, the Prc2 has the amino acid sequence set forth in (SEQ ID NO: 35), the HslU has the
amino acid sequence set forth in (SEQ ID NO: 37), the HslV has the amino acid sequence set
forth in (SEQ ID NO: 38), the MepM 1 has the amino acid sequence set forth in (SEQ ID NO: 1),
and the serralysin precursor has the amino acid sequence set forth as SEQ ID NO: 9. In some
embodiments, the host cell further comprises an expression vector comprising a nucleic acid
sequence encoding DegP2 S219A (SEQ ID NO: 29). In some embodiments, the recombinant
gram-negative bacterial host cell further comprises an expression vector comprising a nucleic
acid sequence encoding disulfide isomerase PDIA6 (SEQ ID NO: 27). In some embodiments,
the host cell further comprises an expression vector encoding a recombinant protein. In some
embodiments, the expression vector encodes a Fab’. In some embodiments, the expression
vector comprising the nucleic acid sequence encoding DegP2 S219A or disulfide isomerase
PDIAG further comprises a nucleic acid sequence encoding the Fab’. In some embodiments, the
Fab’ heavy chain is encoded by SEQ ID NO: 21, and the Fab’ light chain is encoded by SEQ ID
NO: 23. In some embodiments, the recombinant gram-negative bacterial host cell is a
Pseudomonad having the genotype of strain STR94975, STR94976, or STR94977. In some
embodiments, the recombinant gram-negative bacterial host cell, further comprises the
expression construct or constructs comprised by a plasmid of STR94975, STR94976, or
STR94977, for use in producing a recombinant anti-TNF-alpha Fab’. In some embodiments, the

gram-negative bacterial host cell is not £. coli.
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[0009] The present invention further includes a method for producing a recombinant protein of
interest comprising: (a) recovering the recombinant protein of interest from a recombinant gram-
negative bacterial host cell of the invention cultured under suitable fermentation conditions,
wherein the recombinant gram-negative host cell is transformed with a plasmid comprising a
nucleic acid encoding the recombinant protein of interest. In some embodiments, transcription of
the nucleic acid sequence encoding the recombinant protein of interest is regulated by an
inducible promoter. In some embodiments, the inducible promoter is selected from: a tac
promoter, a mannitol promoter, a Pben, a T7 promoter, a lac promoter, a TS promoter, a xylose
promoter, and an arabinose promoter. In some embodiments, the recombinant gram-negative
bacterial host cell can grow to high cell density. In some embodiments, the high cell density
comprises an ODS75 of about 80 to about 300. In some embodiments, the suitable fermentation
conditions comprise induction of the inducible promoter at: an OD575 of about 80 to about 160,
a culture pH of about 5.8 to about 7.0, a temperature of about 28-33 deg C, fed-batch, and a titer
range of about 0.2 to about 5 g/L. In some embodiments, the inducible promoter is induced by
IPTG, and wherein the IPTG is added to a final concentration of about 0.08 — 0.3mM. In some
embodiments, the IPTG is added to a final concentration of about 0.2 mM. In some
embodiments, induction is carried out at a culture pH of about 6.0 to about 6.5. In some
embodiments, induction is carried out at a temperature of about 28-33 deg C. In some
embodiments, induction is carried out at a temperature of about 32 deg C. In some embodiments,
the recombinant gram-negative bacterial host cell grows to a cell density that is increased in
comparison to a control cell grown under the same fermentation conditions. In some
embodiments, the increase in cell density is about 2-fold to about 15-fold. In some embodiments,
the method further comprises: (b) measuring the yield of intact, soluble, and/or active,
recombinant protein of interest recovered from the recombinant gram-negative bacterial host cell.
In some embodiments, the measured yield of intact, soluble, and/or active, recombinant protein
is about 0.1 to about 10 g/L.. In some embodiments, the method further comprises: (¢) measuring
the yield of recombinant protein of interest recovered from a control cell that is intact, soluble,
active, or a combination thereof. In some embodiments, the method further comprises (d)
comparing the yield measured in step (b) to the yield measured in step (c). In some
embodiments, the yield measured in step (b) is about 2-fold to about 100-fold higher than that
measured in step (c). In some embodiments, the recombinant gram-negative bacterial host cell
and the control cell, respectively, are selected from: (i) a recombinant gram-negative bacterial
host cell deficient in the first protease activity and the second protease activity, and a
corresponding gram-negative bacterial host cell deficient in the first protease activity and
wherein the second protease is functional; (ii) a recombinant gram-negative bacterial host cell
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deficient in the first protease activity, the second protease activity, and an additional protease
activity as recited in 2(a), and a corresponding gram-negative bacterial host cell deficient in the
first protease activity and the second protease activity, and wherein the additional protease
activity of 2(a) that is deficient in the compared recombinant gram-negative bacterial host cell is
functional; and (iii) a recombinant gram-negative bacterial host cell deficient in the first protease
activity and the second protease activity, and comprising a functional protease that is: a MepS1
having the amino acid sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having
the amino acid sequence set forth as SEQ ID NO: 5; or a MepS1 related protein having at least
50% sequence similarity to the P. fluorescens MepS1 amino acid sequence set forth as SEQ ID
NO: 5, and a corresponding gram-negative bacterial host cell deficient in the activity of the first
protease and the second protease, and deficient in the functional protease of the compared
recombinant gram-negative bacterial host cell. In some embodiments, the gram-negative
bacterial host cell is not E. coli.

[0010] The invention also includes a recombinant polypeptide comprising: a secretion signal
peptide operably linked to a heterologous protein or polypeptide of interest, wherein the secretion
signal peptide has the amino acid sequence set forth in SEQ ID NO: 11. The protein or
polypeptide of interest can be: an antibody, antibody fragment, or a derivative of an antibody or
an antibody fragment; an enzyme; a cytokine; a chemokine; a growth factor; a fusion protein; and
a vaccine antigen. In some embodiments, the antibody, antibody fragment, or a derivative of an
antibody or antibody fragment is selected from: a monoclonal antibody; a full chain antibody; a
complementarity determining region (CDR) fragment; a CDR-grafted antibody; a single-chain
antibody; a single chain antibody fragment; a modified antibody; a variable-region only antibody
fragment; a bispecific antibody, a chimeric antibody; a triabody; a tetrabody; a minibody; a linear
antibody; a chelating recombinant antibody; a bibody; a dibody; an intrabody; a nanobody; a
small modular immunopharmaceutical; an antigen-binding-domain immunoglobulin fusion
protein; a camelid antibody; a shark single domain antibody (VNAR); an avian antibody; a VHH,
a VHH-containing antibody; a VHH concatemer; a F(ab); a F(ab)’; F(ab)’2; an scFv; an Fc
fragment generated from the heavy chain constant region of an antibody; a reduced IgG
fragment; an Fc fusion protein; a domain antibody; a VL; and a VH. In some embodiments, the
antibody, antibody fragment, or derivative of the antibody or antibody fragment is humanized. In
some embodiments, the enzyme is a therapeutic enzyme. In some embodiments, the therapeutic
enzyme is selected from: a peptidase; a lactase; an amylase; a PEP; a digestive enzyme; a uricase;
a rhodanase; a urokinase; a streptokinase; a staphylokinase; a phenylase; a sacrosidase; a
lysozyme; a chitinase; a ribonuclease; a glutaminase; an arginase; a vibrilase, a chondroitinase; a
hyaluronidase; a galactosidase; a glucuronidase; a glucocerebrosidase; a thymidine
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phosphorylase; a carbonic anhydrase; a uricase thiosulfate-cyanide; a sulfurtransferase; a
phosphothioesterase; an alcohol oxidase; an alcohol dehydrogenase; an asparaginase; a glutamine
synthase; an adenosine deaminase; bovine pegademase; alglucerase; dornase alpha; imiglucerase;
sacrosidase; rasburicase; agalsidase beta; and nattokinase. In some embodiments, the fusion
protein is selected from: an enzyme fusion protein; a protein A fusion protein; an albumin fusion
protein; a thioredoxin fusion protein; a ubiquitin fusion protein; a streptavidin fusion protein; a
maltose binding protein fusion protein; a chitin being protein fusion protein; a SUMO fusion
protein; and a glutathione-S-transferase fusion protein. In some embodiments, the polypeptide
further comprises a linker. In some embodiments, the polypeptide further comprises a cleavage
domain. In some embodiments, the secretion signal peptide directs expression of the protein or
polypeptide of interest to the periplasm or the extracellular space of a prokaryotic host cell. In
some embodiments, the protein or polypeptide of interest is expressed in the periplasm properly
cleaved from the secretion signal peptide. In some embodiments, the secretion signal peptide
directs expression of the protein or polypeptide of interest to the periplasm or the extracellular
space of a prokaryotic host cell in properly cleaved form, soluble form, active form, or any
combination thereof. A properly cleaved protein or polypeptide of interest may have an intact or
substantially intact N-terminus. In some embodiments, the properly cleaved protein or
polypeptide of interest having an intact or substantially intact N-terminus comprises the N-
terminal methionine. In some embodiments, the properly cleaved protein or polypeptide of
interest having an intact or substantially intact N-terminus does not comprise the N-terminal
methionine. In some embodiments, the protein or polypeptide of interest requires a substantially
intact N-terminus for substantial activity. In some embodiments, the protein or polypeptide of
interest having a substantially intact N-terminus has about 90-100% of its activity when
compared to the same protein or polypeptide of interest having an intact N-terminus. The
prokaryotic host cell may a gram-negative bacterium. The prokaryotic host cell may be a gram-
positive bacterium. The gram-negative bacterium may be a Pseudomonad, V. natriegens, or E.
coli. The gram-positive bacterium may be a Corynebacterium or a Bacillus. The invention
includes an expression vector comprising a nucleic acid sequence encoding the recombinant
polypeptide. The invention includes a prokaryotic host cell comprising an expression vector
comprising a nucleic acid sequence encoding the recombinant polypeptide. In some
embodiments, an expression vector and/or a nucleic acid construct encoding the recombinant
polypeptide comprises a nucleic acid sequence that encodes the secretion signal peptide of SEQ
ID NO: 11, operably linked to a nucleic acid sequence that encodes the heterologous protein or
polypeptide of interest. In some embodiments, the secretion signal peptide amino acid sequence
is encoded by a nucleic acid sequence having 85-100% sequence identity to SEQ ID NO: 12.
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The prokaryotic host cell may be a gram-negative bacterium. The prokaryotic host may be a
gram-positive bacterium. The gram-negative bacterium may be a Pseudomonad, V. natriegens,
or E. coli. The gram-positive bacterium may be a Corynebacterium or a Bacillus. In some
embodiments, the nucleic acid sequence encoding the recombinant polypeptide is optimized for
expression in the prokaryotic host cell. The invention also includes the use of a recombinant
polypeptide, an expression vector, or a prokaryotic host cell, as described herein, for expressing a
protein or polypeptide of interest in the periplasm or the extracellular space of a prokaryotic host
cell.

[0011] The invention further includes a method of producing a protein or polypeptide of interest
in a prokaryotic host cell, the method comprising: producing the protein or polypeptide of
interest in the periplasm of a prokaryotic host cell cultured in a cell culture growth medium,
wherein the prokaryotic host cell comprises an expression construct comprising a nucleic acid
encoding a recombinant polypeptide comprising the protein or polypeptide of interest operably
linked to a secretion signal peptide that directs expression of the protein or polypeptide of interest
to the periplasm of the prokaryotic host cell, wherein the secretion signal peptide comprises the
amino acid sequence set forth in SEQ ID NO: 11, and wherein the secretion signal peptide is not
native to the protein or polypeptide of interest. The method may further comprise isolating the
produced protein or polypeptide of interest. The protein or polypeptide of interest may be
selected from: an antibody, antibody fragment, or a derivative of an antibody or an antibody
fragment; an enzyme; a cytokine; a chemokine; a growth factor; a fusion protein; and a vaccine
antigen. In some embodiments, the antibody, antibody fragment, or a derivative of an antibody
or an antibody fragment is selected from: a monoclonal antibody; a full chain antibody; a
complementarity determining region (CDR) fragment; a CDR-grafted antibody; a single-chain
antibody; a single chain antibody fragment; a modified antibody; a variable-region only antibody
fragment; a bispecific antibody, a chimeric antibody; a triabody; a tetrabody; a minibody; a linear
antibody; a chelating recombinant antibody; a bibody; a dibody; an intrabody; a nanobody; a
small modular immunopharmaceutical; an antigen-binding-domain immunoglobulin fusion
protein; a camelid antibody; a shark single domain antibody (VNAR); an avian antibody; a VHH,
a VHH-containing antibody; a VHH concatemer; a F(ab); a F(ab)’; F(ab)’2; an scFv; an Fc
fragment generated from the heavy chain constant region of an antibody; a reduced IgG
fragment; an Fc fusion protein; a domain antibody; a VL; and a VH. In some embodiments, the
antibody, antibody fragment, or derivative of the antibody or antibody fragment is humanized. In
some embodiments, the enzyme is a therapeutic enzyme. In some embodiments, the therapeutic
enzyme is selected from: a peptidase; a lactase; an amylase; a PEP; a digestive enzyme; a uricase;
a rhodanase; a urokinase; a streptokinase; a staphylokinase; a phenylase; a sacrosidase; a
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lysozyme; a chitinase; a ribonuclease; a glutaminase; an arginase; a vibrilase, a chondroitinase; a
hyaluronidase; a galactosidase; a glucuronidase; a glucocerebrosidase; a thymidine
phosphorylase; a carbonic anhydrase; a uricase thiosulfate-cyanide; a sulfurtransferase; a
phosphothioesterase; an alcohol oxidase; an alcohol dehydrogenase; an asparaginase; a glutamine
synthase; an adenosine deaminase; bovine pegademase; alglucerase; dornase alpha; imiglucerase;
sacrosidase; rasburicase; agalsidase beta; and nattokinase. In some embodiments, the fusion
protein is selected from: an enzyme fusion protein; a protein A fusion protein; an albumin fusion
protein; a thioredoxin fusion protein; a ubiquitin fusion protein; a streptavidin fusion protein; a
maltose binding protein fusion protein; a chitin being protein fusion protein; a SUMO fusion
protein; and a glutathione-S-transferase fusion protein. In some embodiments, the nucleic acid
encodes a linker. In some embodiments, the linker comprises a cleavage domain. The
prokaryotic host cell may be a gram-negative bacterium. The prokaryotic host cell may be a
gram-positive bacterium. The gram-negative bacterium may be a Pseudomonad, V. natriegens,

or E. coli. The gram-positive bacterium may be a Corynebacterium or a Bacillus.

INCORPORATION BY REFERENCE
[0012] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, in
which the principles of the invention are utilized, and the accompanying drawings of which:
[0014] Figure 1. Recombinant protein production in protease-deficient host cells at 0.5 mL
scale. Nonreducing SDS-CGE analysis of Fab’ protein produced by DC1032 and four other
protease-deficient P. fluorescens strains tested is shown. The twelve lanes for each strain show,
from left to right: far left lane - MW ladder with MW’s 16, 20, 29, 48, and 68 kD; lanes
numbered 1-10 — protein expressed using constructs 1-10, each encoding the Fab’ heavy and
light chain. Each of constructs 1-9 had a nucleic acid sequence encoding a different periplasmic
secretion signal operably linked to the heavy chain gene and each had a nucleic acid sequence
encoding the Azu secretion signal operably linked to the light chain gene. Construct 10 had the
same heavy chain secretion signal as construct 3. Constructs 1-9 each co-expressed P.
fluorescens derived DsbC, while construct 10 did not. Lane 12 (far right lane in each set) — null

host strain (with a null expression plasmid). From left to right, the first 12 lanes show Fab’
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expression in host strain DC1084; the second 12 lanes show Fab’ protein expression in DC977;
the third 12 lanes show Fab’ protein expression in DC441; the fourth 12 lanes show Fab’ protein
expression in DC1032; and the fifth 12 lanes show Fab’ protein expression in DC509. The arrow
below the DC1032 lanes indicates the area of migration for the Fab’ degradation products.

[0015] Figure 2. Growth of Prc null host strains at 2L scale under sub-optimal conditions.
Y-axis: OD575, X-axis: elapsed fermentation time at 36 deg C in hours. The gridlines mark 4-
hour intervals, with the last timepoint taken at 62 hours.

[0016] Closed circles: STR36306 (Fab’ expression plasmid; growth to a max OD575 of about
27)

[0017] Diamonds: STR94998 (DC1032 + null plasmid; growth to a max OD575 of about 50)
[0018] Triangles: STR94994 (DC1032 MepS1 deletion + p688-048; growth to a max OD575 of
about 23)

[0019] Squares: STR94995 (DC1032 MepS2 deletion + p688-048; growth to a max OD575 of
about 33)

[0020] Open circles: STR94996 (DC1032 MepS1 deletion and MepS2 deletion + p688-048;
growth to a max ODS75 of about 22).

[0021] Figures 3A and 3B. Prcl- and Prc2-deficient host strain growth at sub-optimal
conditions. 3A. Growth of DC954 colonies on 1X LB agar medium in the absence of NaCl and
in the presence of uracil (to allow growth given the pyrF deletion) at 36 deg C. Colonies with
background growth are visible. 3B. The plate on the left shows growth of DC454 (no protease
deletion) on 0.5X LB agar medium in the absence of NaCl, with uracil, at 36 deg C. Growth was
slower than on 1X LB, but these growth conditions were not lethal. The plate on the right shows
growth of DC954 on 0.5X LB agar medium in the absence of NaCl, with uracil, at 36 deg C. The
adapted (evolved) cells are capable of growth.

[0022] Figure 4. Growth of evolved host strains at 2L scale. Y-axis: OD575, X-axis:
fermentation time in hours. The gridlines mark 4-hour intervals, with the last timepoint taken at
74 hours (induction at 25.5 hours). Two cultures of each strain were grown, corresponding to the
two curves for each strain #.

[0023] Triangles: PF1550, evolved from host DC954 to include MepM1 deficiency, resulting
genotype Aprcl, Aprc2, MepM1(P410L), ApyrF, Isc::laclQ1 + p688-48 (Fab’)

[0024] Open circles: STR36306, host DC1032 having genotype Aprcl, Aprc2, AhslUV, ApyrF,
Isc::lacIQ1 + p688-48 (Fab’)

[0025] Squares: PF1557 evolved having genotype Aprel, Aprc2, MepM1(P410L), ApyrF,
Isc::laclQ1 + pPDOW1169 (empty expression vector)
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[0026] Closed circles: DC432, host DC454 having genotype ApyrF + pDOW1169 (empty
expression vector).
[0027] Figure 5. Growth+ combinatorial MepM and MepS mutants. Examples of growth by
selected combinatorial mutants. From left to right, each of the following mutant strains (all
Aprel, Aprc2 except DC454 control; see Table 6 for genotypes) was spotted on 0.5X LB + 250
ug/ml uracil agar medium in the absence of NaCl, and incubated for 48 hours at 36 deg C. In
each row, five 10-fold serial dilutions were spotted, in descending concentration from the top to
the bottom of the plate as oriented in the figure.
[0028] Column 1: DC1032 (Prc-)
[0029] Column 2: PF1559
[0030] Column 3: PF1588
[0031] Column 4: PF1560
[0032] Column 5: PF1590
[0033] Column 6: PF1572
[0034] Column 7: PF1577
[0035] Column 8: PF1573
[0036] Column 9: PF1575
[0037] Column 10;: DC454 (Prct)
[0038] Figure 6. Light chain proteolysis in protease-deficient host strains. STR87639,
STR92557, STR92567, STR94974, and STR94976 were grown and harvested at the post-
induction times (in hours) as shown on the y-axis, and the recombinant protein Capto-L enriched
and analyzed by NR-SDS-CGE. The x-axis shows the percent of proteolyzed light chain species
in each lane.
[0039] Figure 7. Titer of recombinant Fab’ produced by protease-deficient host strains
under various fermentation conditions. Fab’ titer (Y-axis) from strains STR94974,
STR94975, and STR4977 induced under varying pH and temperature conditions at the 2L
fermenter scale was assessed by BLI measuring Fab’ binding to TNF-alpha. Growth was
performed at 2L bioreactor scale at 32 deg C, pH 6.5 and induced with 0.2 mM IPTG +/- 5¢/L
mannitol at OD575 at various pH and temperature values. The fermentation unit identifiers are
shown along the X-axis. DG3_ul (STR94974, 28 deg C and induced at pH 6.5), DG3 u2
(STR94974 25 deg C and pH6), DG3_u3 (STR94974 32 deg C and pH6), DG3_u4 (STR94974
25 deg C and pH 7), DG3_u5 (STR94975 28 deg C, pH 6.5, 5g/L mannitol), DG3_u6
(STR94975 25 deg C, pH 6.0, 5g/L. mannitol), DG3 u7 (STR94975 32 deg C, pH 6.0 and 5g/L
mannitol), DG3_u8 (STR94975 25 degC, pH 7.0), DG5 ul (STR94977 28 deg C, pH6.5 ),
DG5S _u2 (STR94977 25 deg C, pH 6.0), DG5_u3 (STR94977, 32 deg C pH 6.0), DG5 u4
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(STR94977 25 deg C, pH 7.0), DG5_u5 (STR94974 32deg C, pH 6.0), DG5_u6 (STR94975 32
deg C, PH 6.0, 5g/LL mannitol), DG5_u7 (STR94975 25 deg C pH 7, 5g/L. mannitol), DG3_u8
(STR94977 32 deg C, pH 6.0). Samples of whole cell broth at post-induction times 24, 48 and 72
hrs were processed and analyzed. At 72 hrs cells were separated from the media to assess Fab’
titer in cell free broth (CFB).

[0040] Figures 8A and 8B. Growth comparisons of strain STR87639 with STR92557,
STR92567, STR94974, and STR94976. Graphs comparing the growth of Fab’ expression
strains grown at 32 deg C and pH 6.5. Cultures were induced at elapsed fermentation time (EFT)
19.5 hours with 0.2mM IPTG and at 32 deg C, pH 6.0. OD575 is shown on the Y-axis and EFT
on the X-axis. 8A. Representative growth curves of the strains up to 24hrs post induction. 8B.
Growth curves of the strains up to 48 hrs post-induction. In both 8A and 8B:

[0041] Closed squares, solid line: STR87639 124

[0042] Triangles, solid line: STR94974 #1

[0043] Triangles, dotted line: STR94974 #2

[0044] Triangles, dashed line: STR94974 #3

[0045] Circles, solid line: STR94976 124

[0046] Circles, dotted line: STR94976 #2

[0047] Circles, dashed line: STR94976 #3

[0048] Open diamonds, solid line: STR92557 #1

[0049] Open diamonds, dotted line: STR92557 #2

[0050] Open diamonds, dashed line: STR92557 #3

[0051] Open squares, solid line: STR92567 124.

[0052] Figure 9. Growth comparisons of strain STR87639 with STR92473, STR94994,
STR94995, STR94996, and STR94998.

[0053] Graph compares growth of Prc-deficient Fab’ expression strains STR87639, STR92473,
STR94994, STR94995, and STR94996, and STR94998. Growth phase was conducted at 32 deg
C,pH6.5.

[0054] Closed circles, solid line: STR87639

[0055] Triangles, solid line: STR92473

[0056] Diamonds, solid line: STR94995

[0057] Circles, dashed line: STR94998

[0058] Open circles, solid line: STR94996

[0059] Squares, solid line: STR94994

[0060] Figure 10. Alignment showing murein DD-endopeptidase conserved amino acid
residues. Conserved residues are in white lettering on dark background. Row 1 (top row) = P.
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Sluorescens MepM1 (SEQ ID NO: 1); Row 2 (second from top) = E. coli MepM (SEQ ID NO:
63, also known as YebA); Row 3 = P. aeruginosa MepM1 (SEQ ID NO: 66); Row 4 (bottom
row): P. putida MepM1 (SEQ ID NO: 65).

DETAILED DESCRIPTION OF THE INVENTION
[0001] Provided herein are compositions and methods for producing high quality recombinant
proteins at high yield.
[0002] As used in this specification and claim(s), the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and “contain”) are inclusive or
open-ended and do not exclude additional, unrecited elements or method steps. In some
embodiments of any of the compositions and methods provided herein, “comprising” may be
replaced with “consisting essentially of” or “consisting of.” The phrase “consisting essentially
of” is used herein to require the specified feature(s) as well as those which do not materially
affect the character or function of the claimed invention. As used herein, the term “consisting” is
used to indicate the presence of the recited feature alone. It is contemplated that any embodiment
discussed in this specification can be implemented with respect to any method or composition of
the present disclosure, and vice versa. Furthermore, compositions of the present disclosure can

be used to achieve methods of the present disclosure.

EENNA3 2«

[0061] Reference in the specification to “embodiments,” “certain embodiments,” “preferred

2 2 < 2

embodiments,” “specific embodiments,” “some embodiments,” “an embodiment,” “one
embodiment” or “other embodiments” mean that a particular feature, structure, or characteristic
described in connection with the embodiments is included in at least some embodiments, but not
necessarily all embodiments, of the present disclosure.

[0062] Recombinant Protein Expression in Bacterial Host Cells

[0063] Recombinant proteins expressed in bacterial host cells are subject to degradation by any
of several dozen host cell proteases. Degradation lowers protein quality and yield, often making
production of useful quantities of proteolytically sensitive proteins impossible. Although the
introduction of protease deficiencies in the host cell can reduce recombinant protein degradation,
such deficiencies can prevent the host cell from growing to high density. Poor cell growth
reduces recombinant protein yield, negating the advantage of the protease gene mutation. For
example, as described herein, despite showing reduced degradation of recombinant proteins,

bacteria deficient in tail-specific protease activity grow poorly.
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[0064] The present invention relates to recombinant gram-negative bacterial host cells that are
genetically engineered to produce high quality recombinant proteins without compromising cell
growth. In some embodiments, the present invention relates to recombinant gram-negative
bacterial host cells deficient in tail-specific protease activity, that are further modified to restore
growth to high cell density. The growth inhibition resulting from deficient tail-specific protease
activity is overcome by the introduction of one or more further genetic modifications resulting in
deficiency of protease activity. Often more than one host cell protease activity causes unwanted
recombinant protein degradation. To remedy this, the invention also provides host cells having
additional protein deficiencies discovered to further enhance recombinant protein quality. Also
provided are methods for use of the inventive host cells to produce high quality (e.g., active,
soluble, and/or intact) recombinant proteins of interest, at high yield.

[0065] Host Cell Protein Deficiencies that Enhance Recombinant Protein Production
[0066] The present invention provides recombinant gram-negative bacterial host cells deficient
in a first protease activity and a second protease activity. In some embodiments, a recombinant
gram-negative bacterial host cell of the invention is: deficient in a first protease activity and a
second protease activity, and further (a) is deficient in one or more additional protease activity;
(b) is deficient in one or more autolytic factor activity; (¢) overexpresses one or more inactivated
protease; (d) overexpresses one or more chaperone or folding modulator protein; or (e) any
combination of (a), (b), (c) and (d). In some embodiments, an additional protease, an autolytic
factor, an inactivated protease, a chaperone or folding modulator, the first protease and the
second protease, are each different. In some embodiments, an additional protease, an autolytic
factor, an inactivated protease, or a chaperone or folding modulator, are the same as the first
protease and/or the second protease. In some embodiments, the protease that is inactivated is the
same as an additional protease. It is understood that the overexpressed inactivated protease of (c)
and the overexpressed chaperone or folding modulator protein of (d) are different from a
recombinant protein of interest to be overexpressed in the host cell. An overexpressed
inactivated protease of (¢) and/or an overexpressed chaperone or folding modulator protein of (d)
can thus be co-overexpressed with a recombinant protein of interest.

[0067] In some embodiments, a recombinant gram-negative bacterial host cells is deficient in a
first protease activity and a second protease activity, and deficient in one or more additional
protease activity. In some embodiments, a recombinant gram-negative bacterial host cells is
deficient in a first protease activity and a second protease activity, and deficient in one or more
autolytic factor activity. In some embodiments, a recombinant gram-negative bacterial host cell
is deficient in a first protease activity and a second protease activity, and overexpresses one or
more inactivated proteases. In some embodiments, a recombinant gram-negative bacterial host
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cell is deficient in a first protease activity and a second protease activity, and overexpresses one
or more chaperones.

[0068] In some embodiments, a recombinant gram-negative bacterial host cell is deficient in a
first protease activity and a second protease activity, is deficient in one or more additional
protease activity, and deficient in one or more autolytic factor activity. In some embodiments, a
recombinant gram-negative bacterial host cell is deficient in a first protease activity and a second
protease activity, is deficient in one or more additional protease activity, and overexpresses one
or more inactivated proteases. In some embodiments, a recombinant gram-negative bacterial
host cell is deficient in a first protease activity and a second protease activity, is deficient in one
or more additional protease activity, and overexpresses one or more chaperones.

[0069] In some embodiments, a recombinant gram-negative bacterial host cell is deficient in a
first protease activity and a second protease activity, is deficient in one or more autolytic factor
activity, and overexpresses one or more chaperones. In some embodiments, a recombinant gram-
negative bacterial host cell is deficient in a first protease activity and a second protease activity,
overexpress one or more inactivated proteases, and overexpresses one or more chaperones. In
some embodiments, a recombinant gram-negative bacterial host cell is deficient in a first protease
activity and a second protease activity, is deficient in one or more additional proteases, is
deficient in one or more autolytic factor activity, and overexpresses one or more inactivated
proteases. In some embodiments, a recombinant gram-negative bacterial host cell is deficient in
a first protease activity and a second protease activity, is deficient in one or more additional
protease activity, is deficient in one or more autolytic factor activity, and overexpresses one or
more chaperones. In some embodiments, a recombinant gram-negative bacterial host cell is
deficient in a first protease activity and a second protease activity, is deficient in one or more
additional protease activity, is deficient in one or more autolytic factor activity, overexpress one
or more inactivated proteases, and overexpresses one or more chaperones.

[0070] In some embodiments, an additional protease activity is different from the first protease
activity. In some embodiments, an additional protease activity is different from the second
protease activity. In some embodiments, an additional deficient protease activity is different
from the first protease activity and the second protease activity. In some embodiments, an
autolytic factor activity is different from the first protease activity. In some embodiments, an
autolytic factor activity is different from the second protease activity. In some embodiments, an
autolytic factor activity is different from an additional protease activity. In some embodiments,
an autolytic factor activity is different from the normal activity of an overexpressed inactivated
protease. In some embodiments, an autolytic factor activity is different from the activity of an
overexpressed chaperone. In some embodiments, an autolytic factor activity is different from the
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first protease activity and the second protease activity. In some embodiments, the normal activity
of an overexpressed inactivated protease is different from the first protease activity. In some
embodiments, the normal activity of an overexpressed inactivated protease is different from the
second protease activity. In some embodiments, the normal activity of an overexpressed
inactivated protease is different from the first protease activity and the second protease activity.
In some embodiments, the normal activity of an overexpressed inactivated protease is the same
as the first protease activity. In some embodiments, the normal activity of an overexpressed
inactivated protease is the same as the second protease activity. In some embodiments, the
normal activity of an overexpressed inactivated protease is the same as an additional deficient
protease activity.

[0071] In some embodiments, the activity of an overexpressed chaperone is different from the
first protease activity. In some embodiments, the activity of an overexpressed chaperone is
different from the second protease activity. In some embodiments, the activity of an
overexpressed chaperone is different from the first protease activity and the second protease
activity. In some embodiments, the activity of an overexpressed chaperone is different from an
additional protease activity. In some embodiments, the activity of an overexpressed chaperone is
different from an overexpressed inactivated protease activity.

[0072] In some embodiments, a deficiency in a host cell protein activity, e.g., a protease activity
or autolytic factor activity, results from a mutation of a gene encoding a protein having the
activity. In some embodiments, a deficiency in a protein activity results from the mutation of at
least two genes encoding proteins having the activity, wherein each of the at least two genes
encodes a related protein as described herein. The related proteins may be homologues, share a
minimum sequence similarity or identity, or both. In some embodiments, a deficiency in a
protein activity results from mutation of any gene corresponding to any related protein or any
protein homologue. In some embodiments, a deficiency in a protease activity results from
mutation of a gene corresponding to any related protease and/or protease homologue. In some
embodiments, a deficiency in an autolytic factor activity results from mutation of a gene
corresponding to any related autolytic factor and/or autolytic factor homologue.

[0073] Bacterial Tail-Specific Proteases

[0074] The present invention provides recombinant gram-negative bacterial host cells deficient

in a first protease activity, wherein the first protease activity is a tail-specific protease activity.

Tail-specific proteases (Prc/Tsp) are described in, e.g., Expasy enzyme EC 3.4.21.102,

incorporated herein by reference. Prc is an ATP-dependent periplasmic protease designated a

tail-specific protease (Tsp) because it cleaves protein C-termini in a sequence-dependent manner

as described by, e.g., Kerr, C.H,, et al., 2014, “Salinity-Dependent Impacts of ProQ, Prc, and Spr
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Deficiencies on Escherichia coli Cell Structure, J. Bact. 196(6):1286-1296, incorporated by
reference herein. Inactivation of the prc gene in £. coli confers thermosensitive cell growth
under low osmolality (e.g., Hara H., et al., 1991, “Cloning, mapping, and characterization of the
Escherichia coli prc gene, which is involved in C-terminal processing of penicillin-binding
protein 3,” J. Bact. 173(15):4799-813, incorporated by reference herein). Some gram-negative
bacteria have genes encoding two or more Prc-related proteins or homologues, e.g., P.
fluorescens Prcl and Prc2. Tail-specific proteases are found in many gram-negative bacteria,
including Escherichia, Vibrio, Erwinia, Salmonella, Klebsiella, Legionella and Pseudomonads.
[0075] The tail-specific protease can degrade a recombinant protein expressed in a bacterial host
cell. Thus, a recombinant host cell that is deficient in tail-specific protease activity can produce a
higher quality recombinant protein of interest than a corresponding host cell having a functional
tail-specific protease. For example, antibody fragments produced in bacteria deficient in tail-
specific protease activity are less degraded. (See, e.g., the Examples herein, and U.S. Pat. No.
9,493,559, “Bacterial host strain expressing recombinant DsbC and having reduced Tsp activity,”
each incorporated herein by reference in its entirety.) However, as also shown, recombinant
bacterial host cells that are deficient in tail-specific protease activity fail to grow to high cell
density. Poor cell growth in turn leads to reduced yield of recombinant protein. The present
invention overcomes this problem by further modifying a recombinant host cell deficient in tail-
specific protease activity, to introduce a second protease deficiency, thereby allowing growth to
high cell density. Also provided are ways to increase recombinant protein yield by additional
strategic modifications.

[0076] In some embodiments, the first protease activity is a tail-specific protease activity. A host
cell deficient in tail-specific protease activity can be achieved by mutation of a gene encoding a
tail-specific protease, tail-specific protease related protein, and/or a tail-specific protease
homologue. In some embodiments, tail-specific protease deficiency results from mutation of a
gene encoding a Pseudomonad Prc. In some embodiments, tail-specific protease deficiency
results from mutation of a gene encoding Prcl, a Prcl-related protein, or a Prc1 homologue. In
some embodiments, Prc1 has the amino acid sequence of SEQ ID NO: 33. In some
embodiments, a Prcl-related protein has at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 33. In some embodiments, tail-specific protease deficiency
results from mutation of a gene encoding Prc2, a Prc2-related protein, or a Prc2 homologue. In
some embodiments, the Prc2 has the amino acid sequence of SEQ ID NO: 35. In some
embodiments, a Prc2-related protein has at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 35. In some embodiments, tail-specific protease deficiency
results from mutation of a gene encoding both Prc1, a Prcl-related protein, or a Prcl homologue,

24



WO 2022/261377 PCT/US2022/032911

and mutation of a gene encoding Prc2, a Prc2-related protein, or a Prc2 homologue. In some
embodiments, tail-specific protease deficiency results from mutation of a gene encoding E. coli
Prc (Tsp). In some embodiments, tail-specific protease deficiency results from mutation of a
gene encoding E. coli Tsp, a Tsp-related protein, or a Tsp homologue. In some embodiments, a
Tsp has the amino acid sequence of £. coli Tsp (SEQ ID NO: 71). In some embodiments, a Tsp-
related protein has at least 60% similarity or at least 60% identity to the amino acid sequence of
SEQ ID NO: 71. In some embodiments, a Tsp-related protein is a homologue of SEQ ID NO:
71.

[0077] In some embodiments, the tail-specific protease deficiency results from mutation of a
gene encoding any one or more of: a Prcl having the amino acid sequence of SEQ ID NO: 33, a
Prcl-related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence of SEQ ID NO: 33, a homologue of Prc1 having the amino acid sequence of SEQ ID
NO: 33, a Prc2 having the amino acid sequence of SEQ ID NO: 35, a Prc1-related protein having
at least 60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 35, a
homologue of Prc2 having the amino acid sequence of SEQ ID NO: 35, a Tsp having the amino
acid sequence of SEQ ID NO: 71, a Tsp-related protein having at least 60% similarity or at least
60% identity to the amino acid sequence of SEQ ID NO: 71, and a homologue of Tsp having the
amino acid sequence of SEQ ID NO: 71.

[0078] Bacterial Peptidoglycan Hydrolases

[0079] Bacterial peptidoglycan hydrolases cleave bonds in the peptidoglycan sacculus and/or its
fragments. Peptidoglycan hydrolase activity is important in the regulation of cell wall growth, the
turnover of peptidoglycan during growth, and the separation of daughter cells during cell division
and autolysis. Peptidoglycan hydrolases also are involved in lysis phenomena occurring in
bacterial populations.

[0080] The peptidoglycan sacculus is composed of glycan strands cross-linked by short
peptides, and forms a closed, bag-shaped structure surrounding the cytoplasmic membrane of
most bacteria. The glycan strands of the sacculus are made up of alternating N-
acetylglucosamine (GlcNAc) and N-acetylmuramic acid (MurNAc) residues linked by f1-4
bonds. The D-lactoyl group of each MurNAc residue is substituted by a peptide stem typically
having composition L-Ala-y-D-Glu-meso-A2pm (or L-Lys)-D-Ala-D-Ala (A2pm, 2,6-
diaminopimelic acid) in nascent peptidoglycan, the last D-Ala residue absent in the mature
macromolecule. See, e.g., Vollmer, W. et al., 2008, “Peptidoglycan structure and architecture,”
FEMS Micro. Rev. 32:149-167, incorporated herein by reference in its entirety.

[0081] Murein DD-endopeptidases
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[0082] In some embodiments, the recombinant gram-negative bacterial host cell of the present
invention is deficient in a first protease activity and a second protease activity, wherein the
second protease activity is a murein DD-endopeptidase activity. Murein DD-endopeptidases
cleave DD-bonds in the stem peptides of the sacculus glycan strands. See, e.g., Vollmer, W. et
al., 2008, “Bacterial peptidoglycan (murein) hydrolases,” FEMS Micro. Rev. 32:259-286,
incorporated herein by reference in its entirety. Murein DD-endopeptidases from many bacteria,
including Escherichia, Vibrio, Erwinia, Salmonella, Klebsiella, Legionella and Pseudomonadss,
have been described in the literature.

[0083] A host cell deficient in Murein DD-endopeptidase activity can be achieved by mutation of
one or more gene encoding a murein DD-endopeptidase, murein DD-endopeptidase related
protein, and/or a murein DD-endopeptidase homologue. In some embodiments, the murein DD-
endopeptidase gene encodes a protease having the amino acid sequence of any one of P.
Sluorescens MepM1 (SEQ ID NO: 1), E. coli MepM (also referred to as YebA) (SEQ ID NO:
63), P. aeruginosa MepM1 (SEQ ID NO: 66), and P. putida MepM1 (SEQ ID NO: 65). In some
embodiments, murein DD-endopeptidase deficiency results from mutation of a gene encoding a
protease having the amino acid sequence of P. fluorescens MepM1 (SEQ ID NO: 1), a P.
STuorescens MepM -related protein, or a P. fluorescens MepM1 homologue. In some
embodiments, a murein DD-endopeptidase-related protein has at least 60% similarity or at least
60% identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, murein DD-
endopeptidase deficiency results from mutation of a gene encoding a protease having the amino
acid sequence of £. coli MepM (also referred to as YebA) (SEQ ID NO. 63), an E. coli MepM-
related protein, or an £. coli MepM homologue. In some embodiments, murein DD-
endopeptidase has the amino acid sequence of SEQ ID NO: 63. In some embodiments, murein
DD-endopeptidase-related protein has at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 63. In some embodiments, murein DD-endopeptidase
deficiency results from mutation of a gene encoding a protease having the amino acid sequence
of P. aeruginosa MepM1 (SEQ ID NO: 66), a P. aeruginosa MepM 1-related protein, or a P.
aeruginosa MepM 1 homologue. In some embodiments, a murein DD-endopeptidase-related
protein has at least 60% similarity or at least 60% identity to the amino acid sequence of SEQ ID
NO: 66. In some embodiments, murein DD-endopeptidase deficiency results from mutation of a
gene encoding a protease having the amino acid sequence of P. putida MepM1 (SEQ ID NO:
65), a P. putida MepM1-related protein, or a P. putida MepM1 homologue. In some
embodiments, a murein DD-endopeptidase-related protein has at least 60% similarity or at least

60% identity to the amino acid sequence of SEQ ID NO: 65.
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[0084] In some embodiments, murein DD-endopeptidase deficiency results from mutation of a
gene encoding any one or more of: a murein DD-endopeptidase having the amino acid sequence
of SEQ ID NO: 1, a murein DD-endopeptidase-related protein having at least 60% similarity or
at least 60% identity to the amino acid sequence of SEQ ID NO: 1, a homologue of murein DD-
endopeptidase having the amino acid sequence of SEQ ID NO: 1, a murein DD-endopeptidase
having the amino acid sequence of SEQ ID NO: 63, a murein DD-endopeptidase-related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO:
63, a homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO:
63, amurein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 65, a murein
DD-endopeptidase-related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 65, a homologue of murein DD-endopeptidase having the
amino acid sequence of SEQ ID NO: 65, a murein DD-endopeptidase having the amino acid
sequence of SEQ ID NO: 66, a murein DD-endopeptidase-related protein having at least 60%
similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 66, and a
homologue of a murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 66.
[0085] The murein DD-endopeptidase deficiency can result from any one or more mutation in a
host cell gene encoding the murein DD-endopeptidase, as described elsewhere herein, e.g, (i) a
complete gene deletion, (i) a partial gene deletion, (iii) a missense mutation, (iv) a nonsense
mutation, (v) a frameshift mutation, (vi) an insertion, or (vii) any combination of (ii), (iii), (iv),
(v) and (vi). In some embodiments, the protease deficiency results from a mutation that changes
an amino acid in a conserved region of the murein DD-endopeptidase having the amino acid
sequence set forth as SEQ ID NO: 1 or the analogous conserved region of a murein DD-
endopeptidase having at least 60% similarity to the murein DD-endopeptidase amino acid
sequence set forth as SEQ ID NO: 1. Fig. 10 shows an exemplary amino acid alignment
indicating residues conserved across murein DD-endopeptidases SEQ ID NO: 1 (P. fluorescens
MepM1), SEQ ID NO: 63 (E. coli MepM, also referred to as YebA), SEQ ID NO: 66 (P.
aeruginosa MepM 1), and/or SEQ ID NO: 65 (P. putida MepM1). In some embodiments, the
deficiency in a murein DD-endopeptidase results from a mutation that changes or otherwise
disrupts (e.g., by substitution, deletion, insertion, or truncation) an amino acid at a conserved
position. A conserved position can be identified by one of skill in the art by any known method.
In some embodiments, a conserved position is identified by comparison of the murein DD-
endopeptidase amino acid sequence with any one or more of SEQ ID NOS: 1, 63, 66, and 65.
For example, the amino acid sequences may be compared as shown in Fig. 10, by CLUSTAL
Omega using Genious Prime Software. Fig. 10 shows the aligned corresponding amino acid
positions among the compared murein DD-endopeptidases, including the corresponding
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conserved amino acid positions as indicated in white lettering with dark shading. In some
embodiments, the mutation is a non-conservative amino acid substitution. As described herein,
an amino acid substitution can be a conservative or non-conservative substitution. Conservative
and non-conservative amino acid substitutions are described in the literature and can readily be
identified by methods well-known to those of skill in the art and as described herein (see, e.g.,
Table 2, listing conservative amino acid substitutions). In some embodiments, a mutation, e.g., a
non-conservative amino acid substitution, replaces or otherwise disrupts an amino acid residue in
a murein DD-endopeptidase amino acid sequence at a position corresponding to any of the
following positions: SEQ ID NO: 1 positions listed in Table 1, column 2; SEQ ID NO: 63
positions listed in Table 1, column 4; SEQ ID NO: 65 positions listed in Table 1, column 8; and
SEQ ID NO: 66 positions listed in Table 1, column 6. In some embodiments, a mutation, e.g., a
non-conservative amino acid substitution, replaces or otherwise disrupts an amino acid residue in
a murein DD-endopeptidase amino acid sequence, wherein the replaced or disrupted amino acid
residue is an amino acid residue selected from any of: SEQ ID NO: 1 residues listed in Table 1,
column 3; SEQ ID NO: 63 residues listed in Table 1, column 5; SEQ ID NO: 65 residues listed
in Table 1, column 9; and SEQ ID NO: 66 residues listed in Table 1, column 7. Bold text
indicates active site conserved positions in each of SEQ ID NOS: 1, 63, 66, and 65.

[0086] Table 1. Fig. 10 Corresponding Conserved Amino Acid Positions

Row | Position | AA Position | AA Position | AA Position | AA
Residue Residue Residue Residue

SEQID |SEQID |SEQID |SEQID |SEQID |SEQID SEQID | SEQID
NO: 1 NO:1 |NO:63 |NO:63 NO: 66 | NO: 66 NO: 65 | NO: 65
P.f) (E. coli) (P.a) (P.p)

1 44 T 46 T 12 T 44 T

2 50 L 54 L 18 L 50 L

3 51 E 55 E 19 E 51 E

4 109 \% 100 \% 87 \% 111 v

5 112 G 103 G 90 G 114 G

6 113 D 104 D 91 D 115 D

7 114 T 105 T 92 T 116 T

8 115 L 106 L 93 L 117 L

9 116 S 107 S 94 S 118 S

10 123 G 114 G 101 G 125 G

11 140 K 128 K 118 K 142 K

12 145 L 133 L 123 L 147 L

28



PCT/US2022/032911

WO 2022/261377

148

150
151

157
161
163

166
171

174
184
203
208
216
217
218
235

236
243

244
245

246
248
257
258
266
269
274
275

279
281

292
296
301

124

126

127
133

137

139

142

147

150
160

179

184

192
193

194
211
212
219
220
221
222
224
233

234

242
245

250
251
255

257
268

272
277

134

136

137

143

147

149

152

157

160
171

190
195
203
204
205
222
223
229
230
231

232

234
243

244
251

254
259
260
264
266
273

277
282

146

148

149

155

159
161

164
169
172
182
201
206
214
215
216
233

234
241

242
243

244
246
255

256
264
267
272
273

277
279
290
294
299

13
14
15
16
17
18
19
20

21

22
23

24

25

26

27

28

29

30
31

32
33

34
35

36
37
38

39
40

41

42

43

44

45

29



PCT/US2022/032911

WO 2022/261377

(el (- | | B0 a4~ Q&0 a Q2|00 | |~ T [O | | |~
(oo T o e I o T I~ o Vo T N I T - B o N - N I 9 N A= -~ T =T I o IO o o T I N ) W (=T L T (T - - T (=T I < o R AT - R =T I I (B~ N I —T - )
O (O 1O [—= |—= [/ |/ [—m |3 | |[en |en | |6 |on [ (F | ([T | | |G ([ (@ (N (8 (8 |8 [~ |- (> |- |
A& & |n |en |on [on [ |0 [ea [en | |en [ea [en [0 [n [eh [n |0 [ea [eA [eh |en | [ |[A | |ea [en |0 |0 |en
e |~ v | | |[EQO | A O O Q< || (0 [ |~ [H[D | |= |
N [—= |Jen [0 | [© |—= [on x> | |[R |@ |m™ | | ([ ([0 | [ |0 ([ | e | (8 [& [N | [O I [ | | T
>~ [0 |00 [0 (00 |OY (O |V |\ |@ | (v |wul | [ | el [ [N [N N[N | (T (T |T (NN
Al (AN AN (AN AN (AN AN (AN N (e (e (e e | | (e () |en (N |en (e (e (e |0 (en (¢ (en | (en (e (e | |
M |~ | [~ Q| Aad |~ |0~ |00 | |O |0 [ =T |0 | ||~
<t (O |00 [T | (O | [N | [N | |0 |Ix |0 |© N (F |1 (O |- [N |6 [0 |© [N (N (60 |© ([N [ (o (0 |
R (0 |0 [&Y |[OY (O |y (O |@ | [™ |w | |w &N [N ([N | [N |67 (674 |6 [ |F (F (F (F | (K | (WO (W) |\O
A QA Q& |[Q |[Q [Q |Q |& [& | |; | fa v |o|a v o |a v (o |a | e v |a oo (o a6
e |~ || | [ (HQ A O O |C | OO [ [ |[H|O = = |
— en v |[O© |— [N |en (v &N NS N | NSRS | (N RN (N8R (| (|0
(=B ol ol ki bl bl bl Al bl e B kv B Ky B e B Eve B Kse B Kse B B i B i s s B s L e R L 2 I LY O -2 -2 I~ T - AV T I w S B wn S N w
N (en Jen |en |en [en |en (en en (e |(en (e (0 (6 (N (N (¢n N (e (N (e | (e (0 (N (¢n (e (en |0 (e |0 |en |0
O ([~ |60 |y |[© [— | (e | | [N |- |0 || |™ |6 |en ([ | |8 | |0 & | @ ™ e [ | (N | |~ |®
< ([ |9 [ v (v v (vn | O NN (N (NN (NN (N e [N e ([ (e (| (|

30



WO 2022/261377 PCT/US2022/032911

79 [378 H 362 H 356 H 380 H
80 | 389 G 371 G 367 G 391 G
81 |39 % 374 v 370 % 394 %
82 |393 K 375 K 371 K 395 K
83 | 395 G 377 G 373 G 397 G
84 | 398 I 380 I 376 I 400 I

85 | 402 G 384 G 380 G 404 G
86 | 404 T 386 T 382 T 406 T
87 | 405 G 387 G 383 G 407 G
88 | 408 T 390 T 386 T 410 T
89 | 409 G 391 G 387 G 411 G
9 | 410 P 392 P 388 P 412 P
91 |411 H 393 H 389 H 413 H
92 |412 L 394 L 390 L 414 L
93 |413 H 395 H 391 H 415 H
94 | 414 Y 396 Y 392 Y 416 Y
95 | 415 E 397 E 393 E 417 E
9% | 419 N 401 N 397 N 421 N
97 |423 v 405 v 401 v 425 v
98 | 425 P 407 P 403 P 427 P
99 | 426 L 408 L 404 L 428 L
100 | 429 K 411 K 407 K 431 K
101 | 430 L 412 L 408 L 432 L
102|431 P 413 P 409 P 433 P
103|441 R 423 R 419 R 443 R
104 | 444 F 426 F 422 F 446 F
105 | 447 Q 429 Q 425 Q 449 Q

[0087] In Vibrio Cholera, activity of the major endopeptidase ShyA (homologue of E. coli
MepM) was reported to be regulated by mutations affecting accessibility of the catalytic site
(Shin, J-H et al., “Structural basis of peptidoglycan endopeptidase regulation,” PNAS 117(21):
11692-11702, 2020, incorporated herein by reference, esp. with regard to ShyA active site and
allosteric site amino acids and positions). Shin, et al. reported that ShyA forms an open
conformation potentially allowing exposure of the active site for substrate binding, and a closed

conformation. Based on structural predictions, Shin, et al. postulated that hydrophobic and
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electrostatic interactions between ShyA binding Domains 1 and 3 (separated by a linker Domain
2) bring them into close proximity to form the closed conformation. They found that allosteric
site mutations, including Domain 2 mutations, that stabilized the inactive conformation resulted
in lower ShyA activity. P. fluorescens MepM1 has 65% similarity to Vibrio Cholera ShyA (SEQ
ID NO: 58).

[0088] In some embodiments, the mutation in a gene encoding a murine DD-endopeptidase,
homologue thereof, or murein DD-endopeptidase having at least 60% similarity to the murein
DD-endopeptidase amino acid sequence set forth as SEQ ID NO: 1, 63, 66, or 65, changes or
otherwise disrupts an allosteric site amino acid.

[0089] In some embodiments, the mutation in a gene encoding a murein DD-endopeptidase
having at least 60% similarity to the murein DD-endopeptidase amino acid sequence set forth as
SEQ ID NO: 1, 63, 66, or 65 changes or otherwise disrupts an amino acid at an active site
position. In some embodiments, the active site position corresponds to any position in the
regions 319to 411 of SEQ ID NO: 1.

[0090] In some embodiments, the mutation in a gene encoding a murein DD-endopeptidase
having at least 60% similarity to the murein DD-endopeptidase amino acid sequence set forth as
SEQ ID NO: 1, 63, 66, or 65 changes or otherwise disrupts an amino acid at a conserved catalytic
(active) site position. In some embodiments, the disrupted conserved active site position
corresponds to any conserved position in the region 319 to 411 (listed in Table 1 at rows 54-91).
In some embodiments, the active site amino acid residue corresponds to any one of catalytic
amino acid residues R319, H330, D334, H378, and H411, of SEQ ID NO: 1. In some
embodiments, the mutation results in deletion of an amino acid residue corresponding to catalytic
site amino acid residue R319, H330, D334, H378, and H411, and any combination thereof, of
SEQ ID NO: 1. In some embodiments, the mutation is a nonsense mutation at a position
corresponding to Y248 of SEQ ID NO: 1. In some embodiments, the mutationisa Gto S
substitution at a position corresponding to 332 of SEQ ID NO: 1. In some embodiments, the
mutation is a D to N substitution at a position corresponding to 334 of SEQ ID NO: 1. In some
embodiments, the mutation is an A to T substitution at a position corresponding to 337 of SEQ
ID NO: 1. In some embodiments, the mutation is an H to Y substitution at a position
corresponding to 411 of SEQ ID NO: 1. In some embodiments, the mutationisa P to L
substitution at a position corresponding to 410 of SEQ ID NO: 1.

[0091] In some embodiments, the mutation in a gene encoding a murein DD-endopeptidase
having at least 60% similarity to the murein DD-endopeptidase amino acid sequence set forth as

SEQ ID NO: 1, 63, 66, 65, and/or 71 changes or otherwise disrupts an amino acid at an allosteric
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site position. In some embodiments, the allosteric site position corresponds to any position in the
regions 134 to 145, and 361 to 378 of SEQ ID NO: 1.
[0092] In some embodiments, the mutation in a gene encoding a murein DD-endopeptidase
having at least 60% similarity to the murein DD-endopeptidase amino acid sequence set forth as
SEQ ID NO: 1, 63, 66, 65, and/or 71 changes or otherwise disrupts (e.g., by substitution,
deletion, insertion, or truncation) an amino acid at a conserved allosteric site position. In some
embodiments, the disrupted conserved allosteric site position corresponds to any conserved
position in the regions 134 to 145 (listed in Table 1 at rows 11 and 12), and 361 to 378 of SEQ
ID NO: 1 (listed in Table 1 at rows 71-79).
[0093] In some embodiments, the mutation in a gene encoding a murein DD-endopeptidase
having at least 60% similarity to the murein DD-endopeptidase amino acid sequence set forth as
SEQ ID NO: 1 changes or otherwise disrupts (e.g., by substitution, deletion, insertion, or
truncation) an amino acid corresponding to any position in the regions 134 to 145, 361 to 378,
and 319to 411 of SEQ ID NO: 1. In some embodiments, the mutation results in a non-
conservative substitution of an amino acid corresponding to the amino acid in any position in the
regions 134 to 145,361 to 378, and 319 to 411 of SEQ ID NO: 1.
[0094] In some embodiments, the mutation in a gene encoding murein DD-endopeptidase having
at least 60% similarity to the murein DD-endopeptidase amino acid sequence set forth as SEQ ID
NO: 1 changes or otherwise disrupts (e.g., by substitution, deletion, insertion, or truncation) an
amino acid corresponding to any one or more of: K140, L145, Y248, R319, P322, H330, G332,
V333, D334, A336, A337, P338, G340, T341, P342, G347, D348, G349, A354, R356, G358,
G361, V364, 1366, H368, G369, Y372, T374, Y376, H378, G389, V392, K393, G395, 1398,
G402, T404, G405, T408, G409, P410, and H411, of SEQ ID NO: 1. In some embodiments, the
mutation results in a non-conservative substitution of an amino acid corresponding to any one or
more of: K140, L145, Y248, R319, P322, H330, G332, V333, D334, A336, A337, P338, G340,
T341, P342, G347, D348, G349, A354, R356, G358, G361, V364, 1366, H368, G369, Y372,
T374, Y376, H378, G389, V392, K393, G395, 1398, G402, T404, G405, T408, G409, P410, and
H411, of SEQ ID NO: 1.
[0095] MepS/Spr
[0096] An important gram-negative bacterial murein DD-endopeptidase is MepS, also known as
Sprin £. coli. (See, e.g., Expasy enzyme EC 3.4.17.13, and Singh, S. K. et al., 2012, “Three
redundant murein endopeptidases catalyse an essential cleavage step in peptidoglycan synthesis
of Escherichia coli K12,” Mol. Microbiol. 86(5): 1036-1051, both incorporated herein by
reference.) Truong, T.T. et al., 2020 (“Cell division is antagonized by the activity of
peptidoglycan endopeptidases that promote cell elongation,” Mol. Microbiol. 114: 966— 978,
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incorporated herein by reference), reported that unchecked MepS protein turnover by tail-specific
protease degradation (e.g., in the absence of Prc/Tsp) results in cell growth inhibition and the
occurrence of morphological defects during cell division.
[0097] In the context of E. coli it was reported that deletion of prc inhibits growth at high density
fermentation, and that inactivation of MepS by amino acid substitution is required to restore
growth to optical densities (ODs) >= 200 at 575nm (Hara, H. et al. 1996, U.S. Pat. No.
9,493,559, and EP1341899B1, each incorporated herein by reference). Similarly, complete
inactivation of both Prc genes in Pseudomonads prevents high cell density growth in bioreactors
and cultures fail to grow past OD575’s of 20-50 when compared to strains that express both Prc
genes, which reach OD575 up to 180 in 2L bioreactors (see Examples herein). However, as
shown in the Examples, in P. fluorescens complete removal of MepS homologues does not
rescue the growth defect resulting from the deficiency in Prc activity. Rather, deficiency in
MepM1 activity was shown to restore high density cell growth. Furthermore, in Pseudomonad
host cells deficient in Prc and MepM 1 activity, a deficiency in MepS1 had an adverse effect on
cell growth, negating the restoration of growth observed upon introduction of the deficiency of
MepML1 activity.
[0098] In some embodiments, the present invention provides a recombinant gram-negative
bacterial host cell that is: deficient in a first protease activity and a second protease activity, and
optionally further (a) is deficient in one or more additional protease activity; (b) is deficient in
one or more autolytic factor activity; (¢) overexpresses one or more inactivated protease; (d)
overexpresses one or more chaperone protein; or (€) any combination of (a), (b), (¢) and (d);
wherein the host cell produces a functional MepS murein DD-endopeptidase. In some
embodiments, the present invention provides a recombinant gram-negative bacterial host cell that
is: deficient in a first protease activity and a second protease activity, and optionally further (a) is
deficient in one or more additional protease activity; (b) is deficient in one or more autolytic
factor activity; (c) overexpresses one or more inactivated protease; (d) overexpresses one or more
chaperone protein; or () any combination of (a), (b), (¢) and (d); wherein the host cell is not
deficient in a MepS murein DD-endopeptidase. In some embodiments, the recombinant host cell
deficient in a first protease activity, a second protease activity, and having a functional MepS
murein DD-endopeptidase and/or not deficient in a MepS murein DD-endopeptidase is a
Pseudomonad. In some embodiments, the recombinant host cell deficient in a first protease
activity, a second protease activity, having a functional MepS murein DD-endopeptidase and/or
not deficient in a MepS murein DD-endopeptidase is not £. coli. In some embodiments, the
functional and/or not deficient MepS murein DD-endopeptidase has an amino acid sequence set
forth as SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 72, or SEQ ID NO: 73, an amino acid
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sequence at least 60% similar or at least 60% identical to SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID
NO: 72, or SEQ ID NO: 73, or is a homologue of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO:
72, or SEQ ID NO: 73. In some embodiments, the host cell is a Pseudomonad, e.g., P.
fluorescens, and the functional and/or not deficient MepS murein DD-endopeptidase is MepS1
(SEQ ID NO: 5). In some embodiments, the host cell is a Pseudomonad, e.g., P. fluorescens, and
the functional and/or not deficient MepS murein DD-endopeptidase is MepS2 (SEQ ID NO: 7).
In some embodiments, the recombinant host cell is a Pseudomonad, e.g., P. fluorescens, having a
functional and/or not deficient MepS1 (SEQ ID NO: 5) and MepS2 (SEQ ID NO: 7).

[0099] Additional Deficient Protein Activities

[0100] As set forth herein, a recombinant gram-negative bacterial host cell deficient in a tail-
specific protease activity and a murein-DD-endopeptidase activity can be further: deficient in at
least one additional protein activity. Deficiencies in one or more additional protein activities
were found to provide higher quality and yield of recombinant protein. These additional proteins
include additional proteases, and autolytic factors. In some embodiments, the recombinant gram-
negative host cell is deficient in one or more additional protein activity. In some embodiments,
the additional protein activity is a protease activity or autolytic factor activity.

[0101] In some embodiments, the recombinant gram-negative host cell deficient in a tail-specific
protease activity and a murein-DD-endopeptidase activity is further deficient in 1 to 10 different
additional protease activities. In some embodiments, a deficient additional protease activity
results from a mutation in at least one gene encoding an additional protease, that has the
additional protease activity. In some embodiments, a deficient additional protease activity results
from a mutation in at least two genes encoding an additional protease(s) that have the additional
protease activity. In some embodiments, the 1-10 different additional protease activities result
from mutations in 1 to 30 genes encoding corresponding additional protease(s).

[0102] In some embodiments, the additional protease is a serralysin precursor (e.g., an
extracellular alkaline metalloprotease, e.g., RXF04495 2, or an autolytic serralysin precursor,
e.g., RXF4500), membrane-localized protease (e.g., HtpX, FtsH, OmpT), murein L,D
transpeptidase, hemolysin precursor, D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH
precursor, periplasmic serine endoprotease (e.g., DegP or DegP2), AAA+ family proteolytic
machine (e.g., HslU/HslV), or a murein DD-endopeptidase (e.g., a MepM, e.g., a Pseudomonad
MepM?2).

[0103] In some embodiments, an additional protease is selected from:

[0104] a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9; a

homologue of the serralysin precursor having the amino acid sequence set forth as SEQ ID NO:
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9; or a serralysin precursor related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence set forth as SEQ ID NO: 9;

[0105] a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 47; a
homologue of the serralysin precursor having the amino acid sequence set forth as SEQ ID NO:
47; or a serralysin precursor related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence set forth as SEQ ID NO: 47,

[0106] a membrane-localized protease that is an HtpX having the amino acid sequence set forth
as SEQ ID NO: 39; a homologue of the HtpX having the amino acid sequence set forth as SEQ
ID NO: 39; or an HtpX related protein having at least 60% similarity or at least 60% identity to
the amino acid sequence set forth as SEQ ID NO: 39;

[0107] a murein L,D transpeptidase having the amino acid sequence set forth as SEQ ID NO: 41,
a homologue of the murein L,D transpeptidase having the amino acid sequence set forth as SEQ
ID NO: 41; or a murein L,D transpeptidase related protein having at least 60% similarity or at
least 60% identity to the amino acid sequence set forth as SEQ ID NO: 41;

[0108] a hemolysin precursor having the amino acid sequence set forth as SEQ ID NO: 43; a
homologue of the hemolysin precursor having the amino acid sequence set forth as SEQ ID NO:
43; or a hemolysin precursor related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 43;

[0109] a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor having the amino
acid sequence set forth as SEQ ID NO: 45; a homologue of the D-alanyl-D-alanine
carboxypeptidase/endopeptidase AmpH precursor having the amino acid sequence set forth as
SEQ ID NO: 45; or a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 45,

[0110] a periplasmic serine endoprotease that is a DegP2 having the amino acid sequence set
forth as SEQ ID NO: 31; a homologue of the DegP2 having the amino acid sequence set forth as
SEQ ID NO: 31; or a DegP2 related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 31;

[0111] a periplasmic serine endoprotease that is a DegP having the amino acid sequence set forth
as SEQ ID NO: 69; a homologue of the DegP2 having the amino acid sequence set forth as SEQ
ID NO: 69; or a DegP2 related protein having at least 60% similarity or at least 60% identity to
the amino acid sequence set forth as SEQ ID NO: 69;

[0112] a periplasmic serine endoprotease that is a DegP having the amino acid sequence set forth

as SEQ ID NO: 62; a homologue of the DegP2 having the amino acid sequence set forth as SEQ
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ID NO: 62; or a DegP2 related protein having at least 60% similarity or at least 60% identity to
the amino acid sequence set forth as SEQ ID NO: 62,

[0113] an AAA+ family proteolytic machine that comprises: an HslU protease having the amino
acid sequence set forth as SEQ ID NO: 37; a homologue of the HslU protease having the amino
acid sequence set forth as SEQ ID NO: 37; or a HslU related protein having at least 60%
similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 37, and an
HslV protease having the amino acid sequence set forth as SEQ ID NO: 38; a homologue of the
HslV protease having the amino acid sequence set forth as SEQ ID NO: 38; or a HslV related
protein having at least 60% similarity or at least 60% identity to the amino acid sequence set
forth as SEQ ID NO: 38;

[0114] a murein DD-endopeptidase that is a protease having the amino acid sequence set forth as
SEQ ID NO: 3 (P. fluorescens MepM2), a homologue of the MepM2 protease having the amino
acid sequence set forth as SEQ ID NO: 3, or a MepM2-related protein having at least 60%
similarity or 60% sequence identity to the amino acid sequence set forth as SEQ ID NO: 3;
[0115] a murein DD-endopeptidase that is a protease having the amino acid sequence set forth as
SEQ ID NO: 64 (E. coli MepM2), a homologue of the MepM2 protease having the amino acid
sequence set forth as SEQ ID NO: 64, or a MepM2-related protein having at least 60% similarity
or 60% sequence identity y to the amino acid sequence set forth as SEQ ID NO: 64;

[0116] a murein DD-endopeptidase that is a protease having the amino acid sequence set forth as
SEQ ID NO: 67 (P. putida MepM2), a homologue of the MepM2 protease having the amino acid
sequence set forth as SEQ ID NO: 67, or a MepM2-related protein having at least 60% similarity
or 60% sequence identity to the amino acid sequence set forth as SEQ ID NO: 67; and

[0117] a murein DD-endopeptidase that is a MepM2 protease having the amino acid sequence set
forth as SEQ ID NO: 68 (P. aeruginosa), a homologue of the MepM2 protease having the amino
acid sequence set forth as SEQ ID NO: 68, or a MepM2-related protein having at least 60%
similarity or 60% sequence identity to the amino acid sequence set forth as SEQ ID NO: 68.
[0118] A deficiency in an additional protease activity may result from a mutation in an
aminopeptidase; dipeptidase; dipeptidyl-peptidase; tripeptidyl peptidase; peptidyl-dipeptidase;
serine-type carboxypeptidase; metallocarboxypeptidase; cysteine-type carboxypeptidase;
omegapeptidase; serine proteinase; cysteine proteinase; aspartic proteinase; metallo proteinase;
or a proteinase of unknown mechanism.

[0119] Aminopeptidases include cytosol aminopeptidase (leucyl aminopeptidase), membrane
alanyl aminopeptidase, cystinyl aminopeptidase, tripeptide aminopeptidase, prolyl
aminopeptidase, arginyl aminopeptidase, glutamyl aminopeptidase, x-pro aminopeptidase,
bacterial leucyl aminopeptidase, thermophilic aminopeptidase, clostridial aminopeptidase,
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cytosol alanyl aminopeptidase, lysyl aminopeptidase, x-trp aminopeptidase, tryptophanyl
aminopeptidase, methionyl aminopeptidas, d-stereospecific aminopeptidase, aminopeptidase ey.
Dipeptidases include x-his dipeptidase, x-arg dipeptidase, x-methyl-his dipeptidase, cys-gly
dipeptidase, glu-glu dipeptidase, pro-x dipeptidase, x-pro dipeptidase, met-x dipeptidase, non-
stereospecific dipeptidase, cytosol non-specific dipeptidase, membrane dipeptidase, beta-ala-his
dipeptidase. Dipeptidyl-peptidases and tripeptidyl peptidases include dipeptidyl-peptidase 1,
dipeptidyl-peptidase ii, dipeptidyl peptidase iii, dipeptidyl-peptidase iv, dipeptidyl-dipeptidase,
tripeptidyl-peptidase I, tripeptidyl-peptidase 11. Peptidyl-dipeptidases include peptidyl-
dipeptidase a and peptidyl-dipeptidase b. Serine-type carboxypeptidases include lysosomal pro-x
carboxypeptidase, serine-type D-ala-D-ala carboxypeptidase, carboxypeptidase C,
carboxypeptidase D. Metallocarboxypeptidases include carboxypeptidase a, carboxypeptidase B,
lysine(arginine) carboxypeptidase, gly-X carboxypeptidase, alanine carboxypeptidase,
muramoylpentapeptide carboxypeptidase, carboxypeptidase h, glutamate carboxypeptidase,
carboxypeptidase M, muramoyltetrapeptide carboxypeptidase, zinc d-ala-d-ala carboxypeptidase,
carboxypeptidase A2, membrane pro-x carboxypeptidase, tubulinyl-tyr carboxypeptidase,
carboxypeptidase t. Omegapeptidases include acylaminoacyl-peptidase, peptidyl-glycinamidase,
pyroglutamyl-peptidase I, beta-aspartyl-peptidase, pyroglutamyl-peptidase II, n-
formylmethionyl-peptidase, pteroylpoly-[gamma]-glutamate carboxypeptidase, gamma-glu-X
carboxypeptidase, acylmuramoyl-ala peptidase. Serine proteinases include chymotrypsin,
chymotrypsin ¢, metridin, trypsin, thrombin, coagulation factor Xa, plasmin, enteropeptidase,
acrosin, alpha-lytic protease, glutamyl, endopeptidase, cathepsin G, coagulation factor viia,
coagulation factor ixa, cucumisi, prolyl oligopeptidase, coagulation factor xia, brachyurin,
plasma kallikrein, tissue kallikrein, pancreatic elastase, leukocyte elastase, coagulation factor
xiia, chymase, complement component c¢1r55, complement component c1s55, classical-
complement pathway c3/c5 convertase, complement factor I, complement factor D, alternative-
complement pathway c3/cS convertase, cerevisin, hypodermin C, lysyl endopeptidase,
endopeptidase 1a, gamma-reni, venombin ab, leucyl endopeptidase, tryptase, scutelarin, kexin,
subtilisin, oryzin, endopeptidase k, thermomycolin, thermitase, endopeptidase SO, T-
plasminogen activator, protein C, pancreatic endopeptidase E, pancreatic elastase ii, IGA-specific
serine endopeptidase, U-plasminogen, activator, venombin A, furin, myeloblastin, semenogelase,
granzyme A or cytotoxic T-lymphocyte proteinase 1, granzyme B or cytotoxic T-lymphocyte
proteinase 2, streptogrisin A, treptogrisin B, glutamyl endopeptidase II, oligopeptidase B, limulus
clotting factor ¢, limulus clotting factor, limulus clotting enzyme, omptin, repressor lexa,
bacterial leader peptidase I, togavirin, flavirin. Cysteine proteinases include cathepsin B, papain,
ficin, chymopapain, asclepain, clostripain, streptopain, actinide, cathepsin 1, cathepsin H,
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calpain, cathepsin t, glycyl, endopeptidase, cancer procoagulant, cathepsin S, picornain 3C,
picornain 2A, caricain, ananain, stem bromelain, fruit bromelain, legumain, histolysain,
interleukin 1-beta converting enzyme. Aspartic proteinases include pepsin A, pepsin B,
gastricsin, chymosin, cathepsin D, neopenthesin, renin, retropepsin, pro-opiomelanocortin
converting enzyme, aspergillopepsin 1, aspergillopepsin 11, penicillopepsin, rhizopuspepsin,
endothiapepsin, mucoropepsin, candidapepsin, saccharopepsin, rhodotorulapepsin,
physaropepsin, acrocylindropepsin, polyporopepsin, pycnoporopepsin, scytalidopepsin a,
scytalidopepsin b, xanthomonapepsin, cathepsin e, barrierpepsin, bacterial leader peptidase I,
pseudomonapepsin, plasmepsin. Metallo proteinases include atrolysin a, microbial collagenase,
leucolysin, interstitial collagenase, neprilysin, envelysin, iga-specific metalloendopeptidase,
procollagen N-endopeptidase, thimet oligopeptidase, neurolysin, stromelysin 1, meprin A,
procollagen C-endopeptidase, peptidyl-lys metalloendopeptidase, astacin, stromelysin, 2,
matrilysin gelatinase, aeromonolysin, pseudolysin, thermolysin, bacillolysin, aureolysin,
coccolysin, mycolysin, beta-lytic metalloendopeptidase, peptidyl-asp metalloendopeptidase,
neutrophil collagenase, gelatinase B, leishmanolysin, saccharolysin, autolysin, deuterolysin,
serralysin, atrolysin B, atrolysin C, atroxase, atrolysin E, atrolysin F, adamalysin, horrilysin,
ruberlysin, bothropasin, bothrolysin, ophiolysin, trimerelysin I, trimerelysin II, mucrolysin,
pitrilysin, insulysin, O-syaloglycoprotein endopeptidase, russellysin, mitochondrial, intermediate,
peptidase, dactylysin, nardilysin, magnolysin, meprin B, mitochondrial processing peptidase,
macrophage elastase, choriolysin, toxilysin. Proteinases of unknown mechanism include
thermopsin and multicatalytic endopeptidase complex.
[0120] Certain proteases have both protease and chaperone-like activity. When these proteases
are negatively affecting protein yield and/or quality it is often useful to specifically delete their
protease activity, and they are overexpressed when their chaperone activity may positively affect
protein yield and/or quality. These proteases include, but are not limited to: Hsp100(Clp/Hsl)
family members RXF04587.1 (clpA), RXF08347.1, RXF04654.2 (clpX), RXF04663.1,
RXF01957.2 (hslU), RXF01961.2 (hslV); Peptidyl-prolyl cis-trans isomerase family member
RXF05345.2 (ppiB); Metallopeptidase M20 family member RXF04892.1 (aminohydrolase);
Metallopeptidase M24 family members RXF04693.1 (methionine aminopeptidase) and
RXF03364.1 (methionine aminopeptidase); and Serine Peptidase S26 signal peptidase I family
member RXFO1181.1 (signal peptidase).
[0121] These and other proteases and folding modulators are known in the art and described in
the literature, e.g., in U.S. Pat. No. 8,603,824, “Process for improved protein expression by strain
engineering,” incorporated by reference in its entirety. For example, Table D of the ‘824 patent
describes Tig (tig, Trigger factor, FKBP type ppiase (ec 5.2.1.8) RXF04655, UniProtKB -
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POAS850 (TIG_ECOLI)). U.S. Pat. Nos. 9,394,571 and 9,580,719, both titled “Method for
Rapidly Screening Microbial Hosts to Identify Certain Strains with Improved Yield and/or
Quality in the Expression of Heterologous Proteins,” describe Tig (RXF04655.2, SEQ ID NO: 34
therein), LepB (RXF01181.1, SEQ ID NO: 56 therein), DegP1 (RXF01250, SEQ ID NO: 57
therein), AprA (RXF04304.1, SEQ ID NO: 86 therein), Prcl (RXF06586.1, SEQ ID NO: 120
therein), DegP2, (RXF07210.1, SEQ ID NO: 124 therein), Lon (RXF04653, SEQ ID NO: 92
therein), DsbA (RXF01002.1, SEQ ID NO: 25 therein), and DsbC (RXF03307.1, SEQ ID NO:
26 therein). These sequences and those for other proteases and folding modulators also are set
forth in U.S. Pat. No. 9,580,719 (Table of SEQ ID NOS in columns 93-98 therein), incorporated
herein by reference in its entirety. For example, U.S. Pat. No. 9,580,719 provides the sequence
encoding HslU (RXF01957.2) and HslV (RXF01961.2) as SEQ ID NOS 18 and 19, respectively.
[0122] In some embodiments, the recombinant gram-negative host cell is deficient in 1
additional protease activity to 10 additional protease activities. In some embodiments, the
recombinant gram-negative host cell is deficient in 1 additional protease activity to 10 additional
protease activities. In some embodiments, the recombinant gram-negative host cell is deficient in
1 additional protease activity to 2 additional protease activities, 1 additional protease activity to 3
additional protease activities, 1 additional protease activity to 4 additional protease activities, 1
additional protease activity to 5 additional protease activities, 1 additional protease activity to 6
additional protease activities, 1 additional protease activity to 7 additional protease activities, 1
additional protease activity to 8 additional protease activities, 1 additional protease activity to 9
additional protease activities, 1 additional protease activity to 10 additional protease activities, 2
additional protease activities to 3 additional protease activities, 2 additional protease activities to
4 additional protease activities, 2 additional protease activities to 5 additional protease activities,
2 additional protease activities to 6 additional protease activities, 2 additional protease activities
to 7 additional protease activities, 2 additional protease activities to 8 additional protease
activities, 2 additional protease activities to 9 additional protease activities, 2 additional protease
activities to 10 additional protease activities, 3 additional protease activities to 4 additional
protease activities, 3 additional protease activities to 5 additional protease activities, 3 additional
protease activities to 6 additional protease activities, 3 additional protease activities to 7
additional protease activities, 3 additional protease activities to 8 additional protease activities, 3
additional protease activities to 9 additional protease activities, 3 additional protease activities to
10 additional protease activities, 4 additional protease activities to S additional protease activities,
4 additional protease activities to 6 additional protease activities, 4 additional protease activities
to 7 additional protease activities, 4 additional protease activities to 8 additional protease
activities, 4 additional protease activities to 9 additional protease activities, 4 additional protease
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activities to 10 additional protease activities, 5 additional protease activities to 6 additional
protease activities, 5 additional protease activities to 7 additional protease activities, S additional
protease activities to 8 additional protease activities, 5 additional protease activities to 9
additional protease activities, 5 additional protease activities to 10 additional protease activities, 6
additional protease activities to 7 additional protease activities, 6 additional protease activities to
8 additional protease activities, 6 additional protease activities to 9 additional protease activities,
6 additional protease activities to 10 additional protease activities, 7 additional protease activities
to 8 additional protease activities, 7 additional protease activities to 9 additional protease
activities, 7 additional protease activities to 10 additional protease activities, 8 additional protease
activities to 9 additional protease activities, 8 additional protease activities to 10 additional
protease activities, or 9 additional protease activities to 10 additional protease activities. In some
embodiments, the recombinant gram-negative host cell is deficient in 1 additional protease
activity, 2 additional protease activities, 3 additional protease activities, 4 additional protease
activities, 5 additional protease activities, 6 additional protease activities, 7 additional protease
activities, 8 additional protease activities, 9 additional protease activities, or 10 additional
protease activities. In some embodiments, the recombinant gram-negative host cell is deficient in
at least 1 additional protease activity, 2 additional protease activities, 3 additional protease
activities, 4 additional protease activities, 5 additional protease activities, 6 additional protease
activities, 7 additional protease activities, 8 additional protease activities, or 9 additional protease
activities. In some embodiments, the recombinant gram-negative host cell is deficient in at most
2 additional protease activities, 3 additional protease activities, 4 additional protease activities, 5
additional protease activities, 6 additional protease activities, 7 additional protease activities, 8
additional protease activities, 9 additional protease activities, or 10 additional protease activities.
[0123] In some embodiments, a deficient additional protease activity results from a mutation in 1
additional protease gene to 30 additional protease genes. In some embodiments, a deficient
additional protease activity results from a mutation in 1 additional protease gene to 2 additional
protease genes, 1 additional protease gene to 3 additional protease genes, 1 additional protease
gene to 4 additional protease genes, 1 additional protease gene to 5 additional protease genes, 1
additional protease gene to 6 additional protease genes, 1 additional protease gene to 8 additional
protease genes, 1 additional protease gene to 10 additional protease genes, 1 additional protease
gene to 15 additional protease genes, 1 additional protease gene to 20 additional protease genes,
1 additional protease gene to 25 additional protease genes, 1 additional protease gene to 30
additional protease genes, 2 additional protease genes to 3 additional protease genes, 2 additional
protease genes to 4 additional protease genes, 2 additional protease genes to 5 additional protease
genes, 2 additional protease genes to 6 additional protease genes, 2 additional protease genes to 8
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additional protease genes, 2 additional protease genes to 10 additional protease genes, 2
additional protease genes to 15 additional protease genes, 2 additional protease genes to 20
additional protease genes, 2 additional protease genes to 25 additional protease genes, 2
additional protease genes to 30 additional protease genes, 3 additional protease genes to 4
additional protease genes, 3 additional protease genes to 5 additional protease genes, 3 additional
protease genes to 6 additional protease genes, 3 additional protease genes to 8 additional protease
genes, 3 additional protease genes to 10 additional protease genes, 3 additional protease genes to
15 additional protease genes, 3 additional protease genes to 20 additional protease genes, 3
additional protease genes to 25 additional protease genes, 3 additional protease genes to 30
additional protease genes, 4 additional protease genes to 5 additional protease genes, 4 additional
protease genes to 6 additional protease genes, 4 additional protease genes to 8 additional protease
genes, 4 additional protease genes to 10 additional protease genes, 4 additional protease genes to
15 additional protease genes, 4 additional protease genes to 20 additional protease genes, 4
additional protease genes to 25 additional protease genes, 4 additional protease genes to 30
additional protease genes, 5 additional protease genes to 6 additional protease genes, 5 additional
protease genes to 8 additional protease genes, 5 additional protease genes to 10 additional
protease genes, 5 additional protease genes to 15 additional protease genes, 5 additional protease
genes to 20 additional protease genes, 5 additional protease genes to 25 additional protease
genes, 5 additional protease genes to 30 additional protease genes, 6 additional protease genes to
8 additional protease genes, 6 additional protease genes to 10 additional protease genes, 6
additional protease genes to 15 additional protease genes, 6 additional protease genes to 20
additional protease genes, 6 additional protease genes to 25 additional protease genes, 6
additional protease genes to 30 additional protease genes, 8 additional protease genes to 10
additional protease genes, 8 additional protease genes to 15 additional protease genes, 8
additional protease genes to 20 additional protease genes, 8 additional protease genes to 25
additional protease genes, 8 additional protease genes to 30 additional protease genes, 10
additional protease genes to 15 additional protease genes, 10 additional protease genes to 20
additional protease genes, 10 additional protease genes to 25 additional protease genes, 10
additional protease genes to 30 additional protease genes, 15 additional protease genes to 20
additional protease genes, 15 additional protease genes to 25 additional protease genes, 15
additional protease genes to 30 additional protease genes, 20 additional protease genes to 25
additional protease genes, 20 additional protease genes to 30 additional protease genes, or 25
additional protease genes to 30 additional protease genes. In some embodiments, a deficient
additional protease activity results from a mutation in 1 additional protease gene, 2 additional
protease genes, 3 additional protease genes, 4 additional protease genes, 5 additional protease
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genes, 6 additional protease genes, 8 additional protease genes, 10 additional protease genes, 15
additional protease genes, 20 additional protease genes, 25 additional protease genes, or 30
additional protease genes. In some embodiments, a deficient additional protease activity results
from a mutation in at least 1 additional protease gene, 2 additional protease genes, 3 additional
protease genes, 4 additional protease genes, 5 additional protease genes, 6 additional protease
genes, 8 additional protease genes, 10 additional protease genes, 15 additional protease genes, 20
additional protease genes, or 25 additional protease genes. In some embodiments, a deficient
additional protease activity results from a mutation in at most 2 additional protease genes, 3
additional protease genes, 4 additional protease genes, 5 additional protease genes, 6 additional
protease genes, 8 additional protease genes, 10 additional protease genes, 15 additional protease
genes, 20 additional protease genes, 25 additional protease genes, or 30 additional protease
genes.

[0124] In some embodiments, e.g., in . coli, the additional protease activity results from a
mutation is in a murein DD-endopeptidase gene encoding one or more of: a murein DD-
endopeptidase having the amino acid sequence of SEQ ID NO: 5 (Pseudomonad MepS1), a
murein DD-endopeptidase-related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence of SEQ ID NO: 5, a homologue of murein DD-endopeptidase having
the amino acid sequence of SEQ ID NO: 5, a murein DD-endopeptidase having the amino acid
sequence of SEQ ID NO: 7 (Pseudomonad MepS2), a murein DD-endopeptidase-related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO:
7, a homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 7,
a murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 72 (Pseudomonad
MepS), a murein DD-endopeptidase-related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence of SEQ ID NO: 72, a homologue of murein DD-
endopeptidase having the amino acid sequence of SEQ ID NO: 72, a murein DD-endopeptidase
having the amino acid sequence of SEQ ID NO: 73 (Pseudomonad MepS), a murein DD-
endopeptidase-related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence of SEQ ID NO: 73, a homologue of murein DD-endopeptidase having the amino
acid sequence of SEQ ID NO: 73, a murein DD-endopeptidase having the amino acid sequence
of SEQ ID NO: 32 (F. coli MepS), a murein DD-endopeptidase-related protein having at least
60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 32, or a
homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 32.
[0125] In some embodiments, the recombinant gram-negative host cell deficient in a tail-specific
protease activity and a murein-DD-endopeptidase activity is further deficient in 1 to 10 different
autolytic factor activities. In some embodiments, a deficient autolytic factor activity results from
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a mutation in at least one gene encoding an autolytic factor, that has the corresponding autolytic
factor activity. In some embodiments, a deficient autolytic factor activity results from a mutation
in at least two genes encoding autolytic factor(s) that have the autolytic factor activity. In some
embodiments, the 1-10 different autolytic factor activities result from mutations in 1 to 30 genes
encoding corresponding autolytic factor(s).

[0126] In some embodiments, the autolytic factor is an S-type pyocin, linear gramicidin synthase
subunit D, hemolysin precursor, leukotoxin, or porin.

[0127] In some embodiments, the autolytic factor is selected from:

[0128] an S-type Pyocin having the amino acid sequence set forth as SEQ ID NO: 49; a
homologue of the S-type Pyocin having the amino acid sequence set forth as SEQ ID NO: 49; or
an S-type Pyocin related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence set forth as SEQ ID NO: 49;

[0129] a linear gramicidin synthase having the amino acid sequence set forth as SEQ ID NO: 51;
a homologue of the linear gramicidin synthase having the amino acid sequence set forth as SEQ
ID NO: 51; or alinear gramicidin synthase related protein having at least 60% similarity or at
least 60% identity to the amino acid sequence set forth as SEQ ID NO: 51;

[0130] a leukotoxin having the amino acid sequence set forth as SEQ ID NO: 53; a homologue of
the leukotoxin having the amino acid sequence set forth as SEQ ID NO: 53; or a leukotoxin
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 53; and

[0131] an ShIB hemolysin transporter having the amino acid sequence set forth as SEQ ID NO:
55; a homologue of the an ShIB hemolysin transporter having the amino acid sequence set forth
as SEQ ID NO: 55; or an ShIB hemolysin transporter related protein having at least 60%
similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 55.

[0132] In some embodiments, the recombinant gram-negative host cell is deficient in 1 autolytic
factor activity to 10 autolytic factor activities. In some embodiments, the recombinant gram-
negative host cell is deficient in 1 autolytic factor activity to 2 autolytic factor activities, 1
autolytic factor activity to 3 autolytic factor activities, 1 autolytic factor activity to 4 autolytic
factor activities, 1 autolytic factor activity to 5 autolytic factor activities, 1 autolytic factor
activity to 6 autolytic factor activities, 1 autolytic factor activity to 7 autolytic factor activities, 1
autolytic factor activity to 8 autolytic factor activities, 1 autolytic factor activity to 9 autolytic
factor activities, 1 autolytic factor activity to 10 autolytic factor activities, 2 autolytic factor
activities to 3 autolytic factor activities, 2 autolytic factor activities to 4 autolytic factor activities,
2 autolytic factor activities to 5 autolytic factor activities, 2 autolytic factor activities to 6
autolytic factor activities, 2 autolytic factor activities to 7 autolytic factor activities, 2 autolytic
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factor activities to 8 autolytic factor activities, 2 autolytic factor activities to 9 autolytic factor
activities, 2 autolytic factor activities to 10 autolytic factor activities, 3 autolytic factor activities
to 4 autolytic factor activities, 3 autolytic factor activities to 5 autolytic factor activities, 3
autolytic factor activities to 6 autolytic factor activities, 3 autolytic factor activities to 7 autolytic
factor activities, 3 autolytic factor activities to 8 autolytic factor activities, 3 autolytic factor
activities to 9 autolytic factor activities, 3 autolytic factor activities to 10 autolytic factor
activities, 4 autolytic factor activities to 5 autolytic factor activities, 4 autolytic factor activities to
6 autolytic factor activities, 4 autolytic factor activities to 7 autolytic factor activities, 4 autolytic
factor activities to 8 autolytic factor activities, 4 autolytic factor activities to 9 autolytic factor
activities, 4 autolytic factor activities to 10 autolytic factor activities, 5 autolytic factor activities
to 6 autolytic factor activities, 5 autolytic factor activities to 7 autolytic factor activities, 5
autolytic factor activities to 8 autolytic factor activities, 5 autolytic factor activities to 9 autolytic
factor activities, S autolytic factor activities to 10 autolytic factor activities, 6 autolytic factor
activities to 7 autolytic factor activities, 6 autolytic factor activities to 8 autolytic factor activities,
6 autolytic factor activities to 9 autolytic factor activities, 6 autolytic factor activities to 10
autolytic factor activities, 7 autolytic factor activities to 8 autolytic factor activities, 7 autolytic
factor activities to 9 autolytic factor activities, 7 autolytic factor activities to 10 autolytic factor
activities, 8 autolytic factor activities to 9 autolytic factor activities, 8 autolytic factor activities to
10 autolytic factor activities, or 9 autolytic factor activities to 10 autolytic factor activities. In
some embodiments, the recombinant gram-negative host cell is deficient in 1 autolytic factor
activity, 2 autolytic factor activities, 3 autolytic factor activities, 4 autolytic factor activities, 5
autolytic factor activities, 6 autolytic factor activities, 7 autolytic factor activities, 8 autolytic
factor activities, 9 autolytic factor activities, or 10 autolytic factor activities. In some
embodiments, the recombinant gram-negative host cell is deficient in at least 1 autolytic factor
activity, 2 autolytic factor activities, 3 autolytic factor activities, 4 autolytic factor activities, 5
autolytic factor activities, 6 autolytic factor activities, 7 autolytic factor activities, 8 autolytic
factor activities, or 9 autolytic factor activities. In some embodiments, the recombinant gram-
negative host cell is deficient in at most 2 autolytic factor activities, 3 autolytic factor activities, 4
autolytic factor activities, 5 autolytic factor activities, 6 autolytic factor activities, 7 autolytic
factor activities, 8 autolytic factor activities, 9 autolytic factor activities, or 10 autolytic factor
activities.

[0133] In some embodiments, a deficient additional protease activity results from a mutation in 1
autolytic factor gene to 30 autolytic factor genes. In some embodiments, a deficient additional
protease activity results from a mutation in 1 autolytic factor gene to 2 autolytic factor genes, 1
autolytic factor gene to 3 autolytic factor genes, 1 autolytic factor gene to 4 autolytic factor
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genes, 1 autolytic factor gene to 5 autolytic factor genes, 1 autolytic factor gene to 6 autolytic
factor genes, 1 autolytic factor gene to 8 autolytic factor genes, 1 autolytic factor gene to 10
autolytic factor genes, 1 autolytic factor gene to 15 autolytic factor genes, 1 autolytic factor gene
to 20 autolytic factor genes, 1 autolytic factor gene to 25 autolytic factor genes, 1 autolytic factor
gene to 30 autolytic factor genes, 2 autolytic factor genes to 3 autolytic factor genes, 2 autolytic
factor genes to 4 autolytic factor genes, 2 autolytic factor genes to 5 autolytic factor genes, 2
autolytic factor genes to 6 autolytic factor genes, 2 autolytic factor genes to 8 autolytic factor
genes, 2 autolytic factor genes to 10 autolytic factor genes, 2 autolytic factor genes to 15
autolytic factor genes, 2 autolytic factor genes to 20 autolytic factor genes, 2 autolytic factor
genes to 25 autolytic factor genes, 2 autolytic factor genes to 30 autolytic factor genes, 3
autolytic factor genes to 4 autolytic factor genes, 3 autolytic factor genes to 5 autolytic factor
genes, 3 autolytic factor genes to 6 autolytic factor genes, 3 autolytic factor genes to 8 autolytic
factor genes, 3 autolytic factor genes to 10 autolytic factor genes, 3 autolytic factor genes to 15
autolytic factor genes, 3 autolytic factor genes to 20 autolytic factor genes, 3 autolytic factor
genes to 25 autolytic factor genes, 3 autolytic factor genes to 30 autolytic factor genes, 4
autolytic factor genes to S autolytic factor genes, 4 autolytic factor genes to 6 autolytic factor
genes, 4 autolytic factor genes to 8 autolytic factor genes, 4 autolytic factor genes to 10 autolytic
factor genes, 4 autolytic factor genes to 15 autolytic factor genes, 4 autolytic factor genes to 20
autolytic factor genes, 4 autolytic factor genes to 25 autolytic factor genes, 4 autolytic factor
genes to 30 autolytic factor genes, 5 autolytic factor genes to 6 autolytic factor genes, 5 autolytic
factor genes to 8 autolytic factor genes, 5 autolytic factor genes to 10 autolytic factor genes, 5
autolytic factor genes to 15 autolytic factor genes, 5 autolytic factor genes to 20 autolytic factor
genes, 5 autolytic factor genes to 25 autolytic factor genes, 5 autolytic factor genes to 30
autolytic factor genes, 6 autolytic factor genes to 8 autolytic factor genes, 6 autolytic factor genes
to 10 autolytic factor genes, 6 autolytic factor genes to 15 autolytic factor genes, 6 autolytic
factor genes to 20 autolytic factor genes, 6 autolytic factor genes to 25 autolytic factor genes, 6
autolytic factor genes to 30 autolytic factor genes, 8 autolytic factor genes to 10 autolytic factor
genes, 8 autolytic factor genes to 15 autolytic factor genes, 8 autolytic factor genes to 20
autolytic factor genes, 8 autolytic factor genes to 25 autolytic factor genes, 8 autolytic factor
genes to 30 autolytic factor genes, 10 autolytic factor genes to 15 autolytic factor genes, 10
autolytic factor genes to 20 autolytic factor genes, 10 autolytic factor genes to 25 autolytic factor
genes, 10 autolytic factor genes to 30 autolytic factor genes, 15 autolytic factor genes to 20
autolytic factor genes, 15 autolytic factor genes to 25 autolytic factor genes, 15 autolytic factor
genes to 30 autolytic factor genes, 20 autolytic factor genes to 25 autolytic factor genes, 20
autolytic factor genes to 30 autolytic factor genes, or 25 autolytic factor genes to 30 autolytic
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factor genes. In some embodiments, a deficient additional protease activity results from a
mutation in 1 autolytic factor gene, 2 autolytic factor genes, 3 autolytic factor genes, 4 autolytic
factor genes, 5 autolytic factor genes, 6 autolytic factor genes, 8 autolytic factor genes, 10
autolytic factor genes, 15 autolytic factor genes, 20 autolytic factor genes, 25 autolytic factor
genes, or 30 autolytic factor genes. In some embodiments, a deficient additional protease activity
results from a mutation in at least 1 autolytic factor gene, 2 autolytic factor genes, 3 autolytic
factor genes, 4 autolytic factor genes, 5 autolytic factor genes, 6 autolytic factor genes, 8
autolytic factor genes, 10 autolytic factor genes, 15 autolytic factor genes, 20 autolytic factor
genes, or 25 autolytic factor genes. In some embodiments, a deficient additional protease activity
results from a mutation in at most 2 autolytic factor genes, 3 autolytic factor genes, 4 autolytic
factor genes, 5 autolytic factor genes, 6 autolytic factor genes, 8 autolytic factor genes, 10
autolytic factor genes, 15 autolytic factor genes, 20 autolytic factor genes, 25 autolytic factor
genes, or 30 autolytic factor genes.

[0134] In some embodiments, the deficiency in an additional protein activity results from a
mutation in a gene encoding an additional protein that is different from the first and/or second
protease. In some embodiments, the mutation is not in a gene encoding a tail-specific protease.
In some embodiments, the additional protein deficiency does not result from mutation of a gene
encoding any one or more of: a Prc1 having the amino acid sequence of SEQ ID NO: 33, a Prcl-
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
of SEQ ID NO: 33, a homologue of Prcl having the amino acid sequence of SEQ ID NO: 33, a
Prc2 having the amino acid sequence of SEQ ID NO: 35, a Prcl-related protein having at least
60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 35, a
homologue of Prc2 having the amino acid sequence of SEQ ID NO: 35, a Tsp having the amino
acid sequence of SEQ ID NO: 71, a Tsp-related protein having at least 60% similarity or at least
60% identity to the amino acid sequence of SEQ ID NO: 71, and a homologue of Tsp having the
amino acid sequence of SEQ ID NO: 71. In some embodiments, the mutation is in a gene
encoding a protein having an amino acid sequence that has less than 60% similarity or identity,
less than 50% similarity or identity, less than 40% similarity or identity, or less than 30%
similarity or identity, to the amino acid sequence of any one of SEQ ID NOS: 33, 35, and 71.
[0135] In some embodiments, the deficiency in an additional protein (e.g., protease or autolytic
factor) activity results from a mutation in a gene encoding a murein DD-endopeptidase that is
different from a gene encoding the first protease and/or the second protease. In some
embodiments, the deficiency in an additional protein activity does not result from a mutation in a
gene encoding a MepM1 murein DD-endopeptidase. In some embodiments, in any one or more
gram-negative bacterial host cell, the mutation is not in a gene encoding any one or more of: a
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murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 1 (MepM), a murein
DD-endopeptidase-related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 1, a homologue of murein DD-endopeptidase having the
amino acid sequence of SEQ ID NO: 1, a murein DD-endopeptidase having the amino acid
sequence of SEQ ID NO: 63 (MepM), a murein DD-endopeptidase-related protein having at least
60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 63, a
homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 63, a
murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 65 (MepM), a murein
DD-endopeptidase-related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 65, a homologue of murein DD-endopeptidase having the
amino acid sequence of SEQ ID NO: 65, a murein DD-endopeptidase having the amino acid
sequence of SEQ ID NO: 66 (MepM), a murein DD-endopeptidase-related protein having at least
60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 66, a
homologue of a murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 66, a
murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 5 (MepS1), a murein
DD-endopeptidase-related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence of SEQ ID NO: 5, a homologue of murein DD-endopeptidase having the
amino acid sequence of SEQ ID NO: 5, a murein DD-endopeptidase having the amino acid
sequence of SEQ ID NO: 7 (MepS2), a murein DD-endopeptidase-related protein having at least
60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 7, a
homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 7, a
murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 72 (Pseudomonad
MepS), a murein DD-endopeptidase-related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence of SEQ ID NO: 72, a homologue of murein DD-
endopeptidase having the amino acid sequence of SEQ ID NO: 72, a murein DD-endopeptidase
having the amino acid sequence of SEQ ID NO: 73 (Pseudomonad MepS), a murein DD-
endopeptidase-related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence of SEQ ID NO: 73, a homologue of murein DD-endopeptidase having the amino
acid sequence of SEQ ID NO: 73, a murein DD-endopeptidase having the amino acid sequence
of SEQ ID NO: 32 (F. coli MepS), a murein DD-endopeptidase-related protein having at least
60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO: 32, or a
homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 32. In
these embodiments, the mutation may be in a gene encoding a murein DD-endopeptidase having

an amino acid sequence that has less than 60% similarity or identity, less than 50% similarity or
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identity, less than 40% similarity or identity, or less than 30% similarity or identity, to the amino
acid sequence of any one of SEQ ID NOS: 1, 63, 65, 66, 5, 7, 72, 73, and 32.

[0136] In some embodiments, in any one or more gram-negative bacterial host cell, e.g., in £.
coli or a Pseudomonad, the deficiency in an additional protein activity (e.g., protease) results
from a mutation in a gene encoding any one or more of: a murein DD-endopeptidase having the
amino acid sequence of SEQ ID NO: 5 (MepS1), a murein DD-endopeptidase-related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO:
5, a homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 5,
a murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 7 (MepS2), a
murein DD-endopeptidase-related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence of SEQ ID NO: 7, a homologue of murein DD-endopeptidase having
the amino acid sequence of SEQ ID NO: 7, a murein DD-endopeptidase having the amino acid
sequence of SEQ ID NO: 72 (Pseudomonad MepS), a murein DD-endopeptidase-related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence of SEQ ID NO:
72, a homologue of murein DD-endopeptidase having the amino acid sequence of SEQ ID NO:
72, a murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 73
(Pseudomonad MepS), a murein DD-endopeptidase-related protein having at least 60% similarity
or at least 60% identity to the amino acid sequence of SEQ ID NO: 73, a homologue of murein
DD-endopeptidase having the amino acid sequence of SEQ ID NO: 73, a murein DD-
endopeptidase having the amino acid sequence of SEQ ID NO: 32 (E. coli MepS), a murein DD-
endopeptidase-related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence of SEQ ID NO: 32, and a homologue of murein DD-endopeptidase having the
amino acid sequence of SEQ ID NO: 32. In some embodiments, the gram-negative bacterial host
cell is E. coli, and the deficiency in an additional protein activity results from a mutation in a
gene encoding a murein DD-endopeptidase having the amino acid sequence of SEQ ID NO: 32
(MepS), a murein DD-endopeptidase-related protein having at least 60% similarity or at least
60% identity to the amino acid sequence of SEQ ID NO: 32, and a homologue of murein DD-
endopeptidase having the amino acid sequence of SEQ ID NO: 32, wherein the mutation is not at
an amino acid that is or that corresponds to an amino acid selected from: D133, H145, H157,
N31, R62, 170, Q73, C94, 895, V98, Q99, R100, L108, Y115, V135, L136, G140, R144, and
G147. In related embodiments, the mutation is not a mutation that is or that corresponds to an
mutation resulting in N31Y, R62C, I70T, Q73R, C94A, S95F, VI8E, Q99P, R100G, L108S,
Y115F, D133A, V135D, V135G, L136P, G140C, R144C, H145A, G147C or HIS7A.

[0137] Overexpressed Proteins
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[0138] A recombinant gram-negative bacterial host cell of the invention may overexpress one or
more proteins, €.g., an inactivated protease or a folding modulator, e.g., a chaperone. When co-
overexpressed with the recombinant protein of interest in the host cell, the overexpressed protein
can improve the quality and/or yield of a recombinant protein of interest produced. In some
embodiments, the co-overexpressed protein is expressed from an exogenous expression
construct. In some embodiments, the expression construct is in a plasmid or expression vector.
In some embodiments, when overexpressed in a host cell that also overexpresses the recombinant
protein of interest, the co-overexpressed protein and the recombinant protein of interest are
expressed from different plasmids. In some embodiments, the co-overexpressed protein and the
recombinant protein of interest are expressed from the same plasmid. In some embodiments, the
co-overexpressed protein and the recombinant protein of interest are expressed by transcription
from different promoters on the same plasmid. In some embodiments, the co-overexpressed
protein and the recombinant protein of interest are co-transcribed, that is, they are expressed by
transcription from the same promoter on the same plasmid. In some embodiments, the co-
overexpressed protein is not expressed from the bacterial chromosome. In some embodiments,
the one or more co-overexpressed protein is an inactivated protease. In some embodiments, the
one or more co-overexpressed protein is a chaperone or protein folding modulator. In some
embodiments, the recombinant gram-negative host cell overexpresses 1 co-overexpressed protein
to 20 different co-overexpressed proteins. In some embodiments, the recombinant gram-negative
host cell overexpresses 1 co-overexpressed protein to 2 different co-overexpressed proteins, 1 co-
overexpressed protein to 3 different co-overexpressed proteins, 1 co-overexpressed protein to 4
different co-overexpressed proteins, 1 co-overexpressed protein to 5 different co-overexpressed
proteins, 1 co-overexpressed protein to 6 different co-overexpressed proteins, 1 co-overexpressed
protein to 7 different co-overexpressed proteins, 1 co-overexpressed protein to 8 different co-
overexpressed proteins, 1 co-overexpressed protein to 9 different co-overexpressed proteins, 1
co-overexpressed protein to 10 different co-overexpressed proteins, 1 co-overexpressed protein
to 15 different co-overexpressed proteins, 1 co-overexpressed protein to 20 different co-
overexpressed proteins, 2 different co-overexpressed proteins to 3 different co-overexpressed
proteins, 2 different co-overexpressed proteins to 4 different co-overexpressed proteins, 2
different co-overexpressed proteins to 5 different co-overexpressed proteins, 2 different co-
overexpressed proteins to 6 different co-overexpressed proteins, 2 different co-overexpressed
proteins to 7 different co-overexpressed proteins, 2 different co-overexpressed proteins to 8
different co-overexpressed proteins, 2 different co-overexpressed proteins to 9 different co-
overexpressed proteins, 2 different co-overexpressed proteins to 10 different co-overexpressed
proteins, 2 different co-overexpressed proteins to 15 different co-overexpressed proteins, 2
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different co-overexpressed proteins to 20 different co-overexpressed proteins, 3 different co-
overexpressed proteins to 4 different co-overexpressed proteins, 3 different co-overexpressed
proteins to 5 different co-overexpressed proteins, 3 different co-overexpressed proteins to 6
different co-overexpressed proteins, 3 different co-overexpressed proteins to 7 different co-
overexpressed proteins, 3 different co-overexpressed proteins to 8 different co-overexpressed
proteins, 3 different co-overexpressed proteins to 9 different co-overexpressed proteins, 3
different co-overexpressed proteins to 10 different co-overexpressed proteins, 3 different co-
overexpressed proteins to 15 different co-overexpressed proteins, 3 different co-overexpressed
proteins to 20 different co-overexpressed proteins, 4 different co-overexpressed proteins to 5
different co-overexpressed proteins, 4 different co-overexpressed proteins to 6 different co-
overexpressed proteins, 4 different co-overexpressed proteins to 7 different co-overexpressed
proteins, 4 different co-overexpressed proteins to 8 different co-overexpressed proteins, 4
different co-overexpressed proteins to 9 different co-overexpressed proteins, 4 different co-
overexpressed proteins to 10 different co-overexpressed proteins, 4 different co-overexpressed
proteins to 15 different co-overexpressed proteins, 4 different co-overexpressed proteins to 20
different co-overexpressed proteins, 5 different co-overexpressed proteins to 6 different co-
overexpressed proteins, 5 different co-overexpressed proteins to 7 different co-overexpressed
proteins, 5 different co-overexpressed proteins to 8 different co-overexpressed proteins, 5
different co-overexpressed proteins to 9 different co-overexpressed proteins, 5 different co-
overexpressed proteins to 10 different co-overexpressed proteins, 5 different co-overexpressed
proteins to 15 different co-overexpressed proteins, 5 different co-overexpressed proteins to 20
different co-overexpressed proteins, 6 different co-overexpressed proteins to 7 different co-
overexpressed proteins, 6 different co-overexpressed proteins to 8 different co-overexpressed
proteins, 6 different co-overexpressed proteins to 9 different co-overexpressed proteins, 6
different co-overexpressed proteins to 10 different co-overexpressed proteins, 6 different co-
overexpressed proteins to 15 different co-overexpressed proteins, 6 different co-overexpressed
proteins to 20 different co-overexpressed proteins, 7 different co-overexpressed proteins to 8
different co-overexpressed proteins, 7 different co-overexpressed proteins to 9 different co-
overexpressed proteins, 7 different co-overexpressed proteins to 10 different co-overexpressed
proteins, 7 different co-overexpressed proteins to 15 different co-overexpressed proteins, 7
different co-overexpressed proteins to 20 different co-overexpressed proteins, 8 different co-
overexpressed proteins to 9 different co-overexpressed proteins, 8 different co-overexpressed
proteins to 10 different co-overexpressed proteins, 8 different co-overexpressed proteins to 15
different co-overexpressed proteins, 8 different co-overexpressed proteins to 20 different co-
overexpressed proteins, 9 different co-overexpressed proteins to 10 different co-overexpressed
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proteins, 9 different co-overexpressed proteins to 15 different co-overexpressed proteins, 9
different co-overexpressed proteins to 20 different co-overexpressed proteins, 10 different co-
overexpressed proteins to 15 different co-overexpressed proteins, 10 different co-overexpressed
proteins to 20 different co-overexpressed proteins, or 15 different co-overexpressed proteins to
20 different co-overexpressed proteins. In some embodiments, the recombinant gram-negative
host cell overexpresses 1 co-overexpressed protein, 2 different co-overexpressed proteins, 3
different co-overexpressed proteins, 4 different co-overexpressed proteins, 5 different co-
overexpressed proteins, 6 different co-overexpressed proteins, 7 different co-overexpressed
proteins, 8 different co-overexpressed proteins, 9 different co-overexpressed proteins, 10
different co-overexpressed proteins, 15 different co-overexpressed proteins, or 20 different co-
overexpressed proteins. In some embodiments, the recombinant gram-negative host cell
overexpresses at least 1 co-overexpressed protein, 2 different co-overexpressed proteins, 3
different co-overexpressed proteins, 4 different co-overexpressed proteins, 5 different co-
overexpressed proteins, 6 different co-overexpressed proteins, 7 different co-overexpressed
proteins, 8 different co-overexpressed proteins, 9 different co-overexpressed proteins, 10
different co-overexpressed proteins, or 15 different co-overexpressed proteins. In some
embodiments, the recombinant gram-negative host cell overexpresses at most 2 different co-
overexpressed proteins, 3 different co-overexpressed proteins, 4 different co-overexpressed
proteins, 5 different co-overexpressed proteins, 6 different co-overexpressed proteins, 7 different
co-overexpressed proteins, 8 different co-overexpressed proteins, 9 different co-overexpressed
proteins, 10 different co-overexpressed proteins, 15 different co-overexpressed proteins, or 20
different co-overexpressed proteins.

[0139] Inactivated Proteases

[0140] In some embodiments, the one or more co-overexpressed protein is an inactivated
protease. An inactivated protease derived from a functional protease present in the host cell can
be overexpressed by a host cell to reduce the functional protease activity in a host cell. The
inactivated protease mutant can act as dominant negative protease. The overexpressed
inactivated protease can be exogenously produced, e.g., from an expression construct on a
plasmid. In some embodiments, the recombinant gram-negative host cell overexpresses 1 to 10
different inactivated proteases. In some embodiments, an overexpressed inactivated protease is
inactivated by a mutation in a gene encoding the corresponding functional protease.

[0141] In some embodiments, an inactivated protease is an inactive form of a gram negative
bacterial a serine protease gene from the EC 3.4.21.107 enzyme family. In some embodiments,
an inactivated protease is a DegP protease (also known as HtrA). A DegP protease can be, e.g., a
DegP2 protease, or a DegP-like protease. DegP proteases are periplasmic serine endoproteases.
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Their structure is described, e.g., by Pallen, M.J. and Wren, B.W., 1997, “The HtrA family of
serine proteases,” Molecular Microbiology 26(2): 209-221, both incorporated herein by
reference. In some embodiments, the DegP protease is inactivated by mutation in a gene
encoding a DegP protease selected from: P. fluorescens DegP2 (SEQ ID NO: 31); P. fluorescens
DegP (SEQ ID NO: 69); E. coli DegP/HtrA (SEQ ID NO: 62); or P. putida DegP (e.g.,
UniProtKB — A5W8FS5 strain, P. putida F1, or BOKV30, strain P. putida GB1).

[0142] In some embodiments, an overexpressed inactivated protease is inactivated by a mutation
in a gene encoding a DegP, a DegP-related protein, or a DegP homologue. In some
embodiments, each one or more inactivated protease is independently selected from: P.
Sluorescens DegP2 S219A; an inactivated DegP2 comprising an amino acid substitution or
disruption of the amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2
comprising an amino acid substitution or disruption of a homologue of the amino acid sequence
set forth as SEQ ID NO: 31; an inactivated DegP2-related protein comprising an amino acid
substitution or disruption of a DegP2 having at least 60% similarity or at least 35% identity to
amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP comprising an amino acid
substitution or disruption of the amino acid sequence set forth as SEQ ID NO: 69; an inactivated
DegP comprising an amino acid substitution or disruption of a homologue of the amino acid
sequence set forth as SEQ ID NO: 69; an inactivated DegP-related protein comprising an amino
acid substitution or disruption of a DegP having at least 60% similarity or at least 35% identity to
amino acid sequence set forth as SEQ ID NO: 69; an inactivated DegP/HtrA comprising an
amino acid substitution or disruption of the amino acid sequence set forth as SEQ ID NO: 62; an
inactivated DegP/HtrA comprising an amino acid substitution or disruption of a homologue of
the amino acid sequence set forth as SEQ ID NO: 62; an inactivated DegP/HtrA-related protein
comprising an amino acid substitution or disruption of a DegP having at least 60% similarity or
at least 35% identity to amino acid sequence set forth as SEQ ID NO: 62; an inactivated DegP,
DegP-related protein, or DegP homologue having a substitution or disruption of an amino acid at
a position corresponding to any one of positions 131, 134 and 236 of SEQ ID NO: 62 (or when
excluding the 26 amino acid leader, positions 105, 108, and 210); an inactivated DegP, DegP-
related protein, or DegP homologue having an amino acid substitution corresponding to £. coli
Htr S210A; an inactivated DegP, DegP-related protein, or DegP homologue having an amino
acid substitution corresponding to E. coli Htr H105R; an inactivated DegP, DegP-related protein,
or DegP homologue having a substitution or disruption of any one or more amino acid at a
position corresponding to any one of: 108-122, 146-152, and 217-234 of SEQ ID NO: 31. In
some embodiments, the inactivated DegP, DegP-related protein, or DegP homologue has a
substitution or disruption of any one or more amino acid at a position corresponding to any one
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of:108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 146, 147, 148, 149,
150, 151, 152, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232,
233, and 234 of SEQ ID NO: 31. In some embodiments, the inactivated DegP, DegP-related
protein, or DegP homologue has a substitution or disruption of any one or more amino acid at a
position corresponding to any one of: 116 (His), 120 (Asp), 122 (Asp) and 219 (Ser).
[0143] In some embodiments, an inactivated DegP, DegP-related protein, or DegP homologue
comprises an amino acid substitution or disruption in the catalytic site of the corresponding
DegP, DegP-related protein, or DegP homologue. Pallen and Wren, 1997, and Skorko-Glonek, J.
et al., 1995, “Site-directed mutagenesis of the HtrA(DegP) serine protease, whose proteolytic
activity is indispensable for Escherichia coli survival at elevated temperatures,” Gene 163:47-52,
incorporated herein by reference, describe the catalytic site of DegP/HtrA and related proteins.
In particular, amino acid residues S210 and H105 are critical for protease activity. The amino
acid substitutions S210A and H105R eliminate proteolytic activity. Pallen and Wren describe the
catalytic domain, including a “catalytic triad” of the amino acids His, Asp, and Ser. In £. coli
Htr these critical residues occur at positions 131 (His), 134 (Asp) and 236 (Ser) (SEQ ID NO: 62,
referring to numbering including leader sequence 1-26), or at respective positions 105, 108, and
210, when excluding the leader sequence. In P. fluorescens DegP2 (SEQ ID NO: 31), the
catalytic triad
residues occur at positions 116 (His), 120 (Asp) and 219 (Ser), with numbering including leader
sequence 1-27; excluding leader sequence, the catalytic triad residues occur at positions 89 (His),
93
(Asp), and 192 (Ser). One of skill in the art may identify the corresponding active site and
catalytic triad in any DegP, DegP-related protein, or DegP homologue. In some embodiments, an
inactivated DegP, DegP-related protein, or DegP homologue comprises an amino acid
substitution or disruption of any one or more catalytic triad amino acid corresponding to any one
of positions 116 (His), 120 (Asp) and 219 (Ser) of SEQ ID NO: 31. In some embodiments, an
inactivated DegP, DegP-related protein, or DegP homologue comprises an amino acid
substitution or disruption of any one or more catalytic triad amino acid corresponding to any one
of positions 131 (His), 134 (Asp) and 236 (Ser) (SEQ ID NO: 62, referring to numbering
including leader sequence 1-26), or at positions 105, 108, and 210, respectively, when excluding
the leader sequence. In some embodiments, an inactivated DegP, DegP-related protein, or DegP
homologue comprises an amino acid substitution or disruption of any one or more amino acid
corresponding to any one of 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 146, 147, 148, 149, 150, 151, 152, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227,228, 229, 230, 231, 232, 233, and 234 of SEQ ID NO: 31.
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[0144] In some embodiments, the recombinant gram-negative host cell overexpresses 1
inactivated protease to 10 inactivated proteases. In some embodiments, the recombinant gram-
negative host cell overexpresses 1 inactivated protease to 2 inactivated proteases, 1 inactivated
protease to 3 inactivated proteases, 1 inactivated protease to 4 inactivated proteases, 1 inactivated
protease to 5 inactivated proteases, 1 inactivated protease to 6 inactivated proteases, 1 inactivated
protease to 7 inactivated proteases, 1 inactivated protease to 8 inactivated proteases, 1 inactivated
protease to 9 inactivated proteases, 1 inactivated protease to 10 inactivated proteases, 2
inactivated proteases to 3 inactivated proteases, 2 inactivated proteases to 4 inactivated proteases,
2 inactivated proteases to 5 inactivated proteases, 2 inactivated proteases to 6 inactivated
proteases, 2 inactivated proteases to 7 inactivated proteases, 2 inactivated proteases to 8
inactivated proteases, 2 inactivated proteases to 9 inactivated proteases, 2 inactivated proteases to
10 inactivated proteases, 3 inactivated proteases to 4 inactivated proteases, 3 inactivated
proteases to 5 inactivated proteases, 3 inactivated proteases to 6 inactivated proteases, 3
inactivated proteases to 7 inactivated proteases, 3 inactivated proteases to 8 inactivated proteases,
3 inactivated proteases to 9 inactivated proteases, 3 inactivated proteases to 10 inactivated
proteases, 4 inactivated proteases to S inactivated proteases, 4 inactivated proteases to 6
inactivated proteases, 4 inactivated proteases to 7 inactivated proteases, 4 inactivated proteases to
8 inactivated proteases, 4 inactivated proteases to 9 inactivated proteases, 4 inactivated proteases
to 10 inactivated proteases, 5 inactivated proteases to 6 inactivated proteases, 5 inactivated
proteases to 7 inactivated proteases, 5 inactivated proteases to 8 inactivated proteases, 5
inactivated proteases to 9 inactivated proteases, 5 inactivated proteases to 10 inactivated
proteases, 6 inactivated proteases to 7 inactivated proteases, 6 inactivated proteases to 8
inactivated proteases, 6 inactivated proteases to 9 inactivated proteases, 6 inactivated proteases to
10 inactivated proteases, 7 inactivated proteases to 8 inactivated proteases, 7 inactivated
proteases to 9 inactivated proteases, 7 inactivated proteases to 10 inactivated proteases, 8
inactivated proteases to 9 inactivated proteases, 8 inactivated proteases to 10 inactivated
proteases, or 9 inactivated proteases to 10 inactivated proteases. In some embodiments, the
recombinant gram-negative host cell overexpresses 1 inactivated protease, 2 inactivated
proteases, 3 inactivated proteases, 4 inactivated proteases, 5 inactivated proteases, 6 inactivated
proteases, 7 inactivated proteases, 8 inactivated proteases, 9 inactivated proteases, or 10
inactivated proteases. In some embodiments, the recombinant gram-negative host cell
overexpresses at least 1 inactivated protease, 2 inactivated proteases, 3 inactivated proteases, 4
inactivated proteases, 5 inactivated proteases, 6 inactivated proteases, 7 inactivated proteases, 8
inactivated proteases, or 9 inactivated proteases. In some embodiments, the recombinant gram-
negative host cell overexpresses at most 2 inactivated proteases, 3 inactivated proteases, 4
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inactivated proteases, 5 inactivated proteases, 6 inactivated proteases, 7 inactivated proteases, 8
inactivated proteases, 9 inactivated proteases, or 10 inactivated proteases.
[0145] Protein Folding Modulators
[0146] In some embodiments, the one or more co-overexpressed protein is a protein folding
modulator that improves the quality and/or yield of the recombinant protein of interest. Protein
folding modulators, including chaperones, disulfide bond isomerases, and peptidyl-prolyl cis-
trans isomerases (PPIases) are a class of proteins present in all cells that aid in the folding,
unfolding and degradation of nascent polypeptides. An overexpressed protein folding modulator
can be exogenously produced, e.g., from an expression construct on a plasmid. In some
embodiments, a recombinant gram-negative host cell of the present invention overexpresses any
one or more different protein folding modulator. In some embodiments, a recombinant gram-
negative host cell of the present invention overexpresses 1 to 10 different protein folding
modulators.
[0147] In some embodiments, a protein folding modulator is microbial. In some embodiments, a
microbial protein folding modulator is from a bacterium, a mammal, a fungus (e.g., a yeast or a
filamentous fungus), an arthropod (e.g., an arachnid or an insect), or a Plasmodium. In some
embodiments, a bacterial protein folding modulator is from a gram-negative bacteria. In some
embodiments, a mammalian protein folding modulator is from a rodent, e.g., a mouse, rat or
hamster, e.g., a golden hamster. In some embodiments, a mammalian protein folding modulator
is from a pongo, e.g., an orangutan, a human, a horse, a pig, a bird, e.g., a flycatcher. In some
embodiments, a gram-negative bacterial protein folding modulator is an E. coli or Pseudomonad
folding modulator protein. In some embodiments, a protein folding modulator or chaperone is a
P. fluorescens protein folding modulator. An overexpressed protein folding modulator may be
any described in, e.g., U.S. Pat. No. 10,118,956, “Fusion Partners for Peptide Production” (e.g.,
asin Table 1), U.S. Pat. No. 9,580,719 (e.g., providing sequences for each folding modulator by
RXF listed in Table 1 of U.S. Pat. No. 10,118,956), and U.S. Pat. No. 8,603,824, (e.g., Tables A
to F therein). As used herein, RXF numbers are open reading frame numbers, and PROKKA
numbers are designations determined using the Prokka tool as described by, e.g., Seemann, T,
2014, “Prokka: rapid prokaryotic genome annotation,” Bioinformatics 30 (14): 2068—-2069,
incorporated herein by reference.
[0148] In some embodiments, a protein folding modulator is any known to those of skill in the
art or described in the literature, e.g., in “Guidebook to Molecular Chaperones and Protein-
Folding Catalysts,” 1997, ed. M. Gething, Melbourne University, Australia, incorporated herein
by reference. In some embodiments, each one or more protein folding modulator is
independently selected from a GroES/EL, DnaKJ, Clp, Hsp90, SecB, HSP70, HSP110/SSE,
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HSP40 (DnalJ-related), GRPE-like, HSP90, CPN60, CPN10, cytosolic chaperone, HSP100, small
HSP, calnexin, calreticulin, protein disulfide isomerase (PDI), thioredoxin-related protein,
disulfide bond isomerase, protein disulfide isomerase, peptidyl-prolyl isomerase, cyclophilin
PPIase, FK-506 binding protein, parvulin PPIase, individual chaperone, protein specific
chaperone, or an intramolecular chaperone.

[0149] In some embodiments, an overexpressed folding modulator protein is a disulfide bond
isomerase. In some embodiments, a disulfide bond isomerase is a gram-negative bacterial DsbA,
DsbB, DsbC, DsbD, or DsbG. In some embodiments, a disulfide bond isomerase is selected
from SEQ ID NOS: 60 (DsbC), 76 (putative cytoplasmic disulfide isomerase DsbA), 77 (DsbA),
78 (DsbB), 80 (DsbD), or 81 (DsbG). In some embodiments, an overexpressed folding
modulator protein is a protein disulfide isomerase. In some embodiments, a protein disulfide
isomerase is a PDIA6. In some embodiments, a PDIA6 has an amino acid sequence selected
from SEQ ID NOS: 27 and 82-98. In some embodiments, an overexpressed protein folding
modulator has an amino acid sequence selected from: SEQ ID NOS: 27, 57, 60, 76-78, and 80-
98.

[0150] In some embodiments, the recombinant gram-negative host cell overexpresses 1 protein
folding modulator to 10 protein folding modulators. In some embodiments, the recombinant
gram-negative host cell overexpresses 1 protein folding modulator to 2 protein folding
modulators, 1 protein folding modulator to 3 protein folding modulators, 1 protein folding
modulator to 4 protein folding modulators, 1 protein folding modulator to 5 protein folding
modulators, 1 protein folding modulator to 6 protein folding modulators, 1 protein folding
modulator to 7 protein folding modulators, 1 protein folding modulator to 8 protein folding
modulators, 1 protein folding modulator to 9 protein folding modulators, 1 protein folding
modulator to 10 protein folding modulators, 2 protein folding modulators to 3 protein folding
modulators, 2 protein folding modulators to 4 protein folding modulators, 2 protein folding
modulators to 5 protein folding modulators, 2 protein folding modulators to 6 protein folding
modulators, 2 protein folding modulators to 7 protein folding modulators, 2 protein folding
modulators to 8 protein folding modulators, 2 protein folding modulators to 9 protein folding
modulators, 2 protein folding modulators to 10 protein folding modulators, 3 protein folding
modulators to 4 protein folding modulators, 3 protein folding modulators to 5 protein folding
modulators, 3 protein folding modulators to 6 protein folding modulators, 3 protein folding
modulators to 7 protein folding modulators, 3 protein folding modulators to 8 protein folding
modulators, 3 protein folding modulators to 9 protein folding modulators, 3 protein folding
modulators to 10 protein folding modulators, 4 protein folding modulators to 5 protein folding
modulators, 4 protein folding modulators to 6 protein folding modulators, 4 protein folding
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modulators to 7 protein folding modulators, 4 protein folding modulators to 8 protein folding
modulators, 4 protein folding modulators to 9 protein folding modulators, 4 protein folding
modulators to 10 protein folding modulators, 5 protein folding modulators to 6 protein folding
modulators, 5 protein folding modulators to 7 protein folding modulators, 5 protein folding
modulators to 8 protein folding modulators, 5 protein folding modulators to 9 protein folding
modulators, 5 protein folding modulators to 10 protein folding modulators, 6 protein folding
modulators to 7 protein folding modulators, 6 protein folding modulators to 8 protein folding
modulators, 6 protein folding modulators to 9 protein folding modulators, 6 protein folding
modulators to 10 protein folding modulators, 7 protein folding modulators to 8 protein folding
modulators, 7 protein folding modulators to 9 protein folding modulators, 7 protein folding
modulators to 10 protein folding modulators, 8 protein folding modulators to 9 protein folding
modulators, 8 protein folding modulators to 10 protein folding modulators, or 9 protein folding
modulators to 10 protein folding modulators. In some embodiments, the recombinant gram-
negative host cell overexpresses 1 protein folding modulator, 2 protein folding modulators, 3
protein folding modulators, 4 protein folding modulators, 5 protein folding modulators, 6 protein
folding modulators, 7 protein folding modulators, 8 protein folding modulators, 9 protein folding
modulators, or 10 protein folding modulators. In some embodiments, the recombinant gram-
negative host cell overexpresses at least 1 protein folding modulator, 2 protein folding
modulators, 3 protein folding modulators, 4 protein folding modulators, 5 protein folding
modulators, 6 protein folding modulators, 7 protein folding modulators, 8 protein folding
modulators, or 9 protein folding modulators. In some embodiments, the recombinant gram-
negative host cell overexpresses at most 2 protein folding modulators, 3 protein folding
modulators, 4 protein folding modulators, 5 protein folding modulators, 6 protein folding
modulators, 7 protein folding modulators, 8 protein folding modulators, 9 protein folding
modulators, or 10 protein folding modulators.

[0151] Related Proteins

[0152] Prior to being modified in accordance with the present invention, €. g., to introduce a
mutation in a gene to result in a deficient protein activity, a bacterial host cell may have multiple
genes that encode the same protein, or that encode multiple proteins having the same or similar
activity, e.g., a protease activity or autolytic factor activity. Under these circumstances, the
protein deficiency of the recombinant bacterial host cell may result from mutation of more than
one gene.

[0153] Two different gram-negative bacterial host cells, e.g., host cells of different genera or
species, may have multiple related proteins. These related proteins may have similar sequences,
structures, functions, and/or activities. Under these circumstances, a deficient protein activity of
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the first host cell and a deficient protein activity of the second host cell may result from
mutations of genes having a high level of amino acid sequence similarity or identity. Between
different host cells (e.g., of different species), and within the same host cell, certain such proteins
are described in the literature as homologues based on the knowledge or assumption of an
ancestral link.
[0154] In the context of the present invention, regardless of an ancestral link, one of skill in the
art may identify two proteins as related proteins (within the same host cell, e.g., the same host
cell species, or between two different host cells), using methods known in the art and described
herein.
[0155] In some embodiments, as referred to herein, related proteins, e.g., related proteases or
related autolytic factors, have defined amino acid sequence similarity or identity. It is understood
that any amino acid sequence similarity or identity range provided elsewhere herein may be
replaced with a narrower range falling within that range, and that any minimum amino acid
sequence similarity or identity provided herein may be replaced with a higher minimum. In some
embodiments, a “related protein” as used herein may have an amino acid sequence similarity or
identity, active/catalytic site amino acid sequence similarity or identity, or allosteric region amino
acid sequence similarity or identity, of about 30% to about 100%. Sequence similarity or identity
of nucleic acid or amino acid sequences as described herein may be determined by methods
known to those of skill in the art. In some embodiments, amino acids are similar with regard to
polarity, charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of the
residues. For example, negatively charged amino acids include aspartic acid and glutamic acid,
positively charged amino acids include lysine and arginine; amino acids with uncharged polar
head groups or nonpolar head groups having similar hydrophilicity values include the following:
leucine, isoleucine, valine; glycine, alanine; asparagine, glutamine; serine, threonine;
phenylalanine, tyrosine. Thus, a similar amino acid may be an amino acid identified as suitable
for a conservative amino acid substitution, e.g., as described in the literature and readily
identified by methods known to those of skill in the art, for example, as shown in Table 2, listing
conservative amino acid substitutions. In some embodiments, a similar amino acid is an amino
acid listed in Table 2, second column (headed “I. Conservative Substitutions”) in the row
corresponding to the original amino acid. In some embodiments, a similar amino acid is an
amino acid listed in Table 2, third column (headed “II. Alternative Substitutions™) in the row
corresponding to the original amino acid.
[0156] In some embodiments, related proteins have amino acid sequence similarity or identity,
active site amino acid sequence similarity or identity, or allosteric region amino acid sequence
similarity or identity, of about 30% to about 35%, about 30% to about 40%, about 30% to about
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45%, about 30% to about 50%, about 30% to about 55%, about 30% to about 60%, about 30% to
about 65%, about 30% to about 70%, about 30% to about 80%, about 30% to about 90%, about
30% to about 100%, about 35% to about 40%, about 35% to about 45%, about 35% to about
50%, about 35% to about 55%, about 35% to about 60%, about 35% to about 65%, about 35% to
about 70%, about 35% to about 80%, about 35% to about 90%, about 35% to about 100%, about
40% to about 45%, about 40% to about 50%, about 40% to about 55%, about 40% to about 60%,
about 40% to about 65%, about 40% to about 70%, about 40% to about 80%, about 40% to about
90%, about 40% to about 100%, about 45% to about 50%, about 45% to about 55%, about 45%
to about 60%, about 45% to about 65%, about 45% to about 70%, about 45% to about 80%,
about 45% to about 90%, about 45% to about 100%, about 50% to about 55%, about 50% to
about 60%, about 50% to about 65%, about 50% to about 70%, about 50% to about 80%, about
50% to about 90%, about 50% to about 100%, about 55% to about 60%, about 55% to about
65%, about 55% to about 70%, about 55% to about 80%, about 55% to about 90%, about 55% to
about 100%, about 60% to about 65%, about 60% to about 70%, about 60% to about 80%, about
60% to about 90%, about 60% to about 100%, about 65% to about 70%, about 65% to about
80%, about 65% to about 90%, about 65% to about 100%, about 70% to about 80%, about 70%
to about 90%, about 70% to about 100%, about 80% to about 90%, about 80% to about 100%, or
about 90% to about 100%. In some embodiments, related proteins have amino acid sequence
similarity or identity, active site amino acid sequence similarity or identity, or allosteric region
amino acid sequence similarity or identity, of about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 80%, about 90%, or about
100%. In some embodiments, related proteins have amino acid sequence similarity or identity,
active site amino acid sequence similarity or identity, or allosteric region amino acid sequence
similarity or identity, of at least about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 80%, or about 90%. In some embodiments,
related proteins have amino acid sequence similarity or identity, active site amino acid sequence
similarity or identity, or allosteric region amino acid sequence similarity or identity, of at most
about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 80%, about 90%, or about 100%. In some embodiments, related proteins have amino acid
sequence similarity or identity, active site amino acid sequence similarity or identity, or allosteric
region amino acid sequence similarity or identity, of about 45% to about 50%, about 45% to
about 55%, about 45% to about 60%, about 45% to about 65%, about 45% to about 70%, about
45% to about 75%, about 45% to about 80%, about 45% to about 85%, about 45% to about 90%,
about 45% to about 95%, about 45% to about 100%, about 50% to about 55%, about 50% to
about 60%, about 50% to about 65%, about 50% to about 70%, about 50% to about 75%, about
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50% to about 80%, about 50% to about 85%, about 50% to about 90%, about 50% to about 95%,
about 50% to about 100%, about 55% to about 60%, about 55% to about 65%, about 55% to
about 70%, about 55% to about 75%, about 55% to about 80%, about 55% to about 85%, about
55% to about 90%, about 55% to about 95%, about 55% to about 100%, about 60% to about
65%, about 60% to about 70%, about 60% to about 75%, about 60% to about 80%, about 60% to
about 85%, about 60% to about 90%, about 60% to about 95%, about 60% to about 100%, about
65% to about 70%, about 65% to about 75%, about 65% to about 80%, about 65% to about 85%,
about 65% to about 90%, about 65% to about 95%, about 65% to about 100%, about 70% to
about 75%, about 70% to about 80%, about 70% to about 85%, about 70% to about 90%, about
70% to about 95%, about 70% to about 100%, about 75% to about 80%, about 75% to about
85%, about 75% to about 90%, about 75% to about 95%, about 75% to about 100%, about 80%
to about 85%, about 80% to about 90%, about 80% to about 95%, about 80% to about 100%,
about 85% to about 90%, about 85% to about 95%, about 85% to about 100%, about 90% to
about 95%, about 90% to about 100%, or about 95% to about 100%. In some embodiments,
related proteins have amino acid sequence similarity or identity, active site amino acid sequence
similarity or identity, or allosteric region amino acid sequence similarity or identity, of about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 95%, or about 100%. In some embodiments, related proteins have amino
acid sequence similarity or identity, active site amino acid sequence similarity or identity, or
allosteric region amino acid sequence similarity or identity, of at least about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
or about 95%. In some embodiments, related proteins have amino acid sequence similarity or
identity, active site amino acid sequence similarity or identity, or allosteric region amino acid
sequence similarity or identity, of at most about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 100%.

[0157] Related proteins can be homologues, or may not be homologues. In some embodiments,
a related protein that is a homologue of a given protein is identified using the protein sequence as
a query sequence in a PSI-BLAST (Position-Specific Iterative basic Local Alignment Search
Tool) search of all nonredundant (nr) protein sequences from the host cell (e.g., £. coli) proteome
sequences deposited in the NCBI database, at default settings. PSI-BLAST search methods are
known to those of skill in the art and have been described by, e.g., Bhagwat, M., and Aravind, L.,
2007, “PSI-BLAST Tutorial,” Ch. 10 in Comparative Genomics: Volumes 1 and 2, Bergman
NH, ed., Totowa (NJ): Humana Press, incorporated herein by reference. Approaches to

identifying homologues is described in the literature, e.g., by Pearson, W.R, 2014, “BLAST and
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FASTA similarity searching for multiple sequence alignment,” Methods Mol. Biol. 1079:75-101,
incorporated herein by reference in its entirety.

[0158] Nucleic acid and amino acid sequence similarity identity may be determined according to
any suitable method known in the art, including but not limited to those described herein. For
example, alignments and searches for similar sequences can be performed using the U.S.
National Center for Biotechnology Information (NCBI, Bethesda, MD) program, MegaBLAST.
Use of this program with options for percent identity set at, for example, 70% for amino acid
sequences, or set at, for example, 90% for nucleotide sequences, will identify those sequences
with 70%, or 90%, or greater sequence identity to the query sequence. Other software known in
the art is also available for aligning and/or searching for similar sequences, e.g., sequences at
least 70% or 90% identical to an information string containing a secretion signal sequence herein.
For example, sequence alignments for comparison to identify sequences at least 70% or 90%
identical to a query sequence is often performed by use of, e.g., the GAP, BESTFIT, BLAST,
FASTA, and TFASTA programs available in the GCG Sequence Analysis Software Package
(available from the Genetics Computer Group, University of Wisconsin Biotechnology Center,
1710 University Avenue, Madison, Wis. 53705), with the default parameters as specified therein,
plus a parameter for the extent of sequence identity set at the desired percentage. Also, for
example, the CLUSTAL program (available in the PC/Gene software package from
Intelligenetics, Mountain View, CA.) may be used.

[0159] These and other sequence alignment methods are well known in the art and may be
conducted by manual alignment, by visual inspection, or by manual or automatic application of a
sequence alignment algorithm, such as any of those embodied by the above-described programs.
Various useful algorithms include, e.g.: the similarity search method described in W. R. Pearson
& D.J. Lipman, Proc. Natl. Acad. Sci. USA 85:2444-48 (April 1988); the local homology
method described in T. F. Smith & M. S. Waterman, in Adv. Appl. Math. 2:482-89 (1981) and in
J. Molec. Biol. 147:195-97 (1981); the homology alignment method described in S. B.
Needleman & C. D. Wunsch, J. Molec. Biol. 48(3):443-53 (March 1970); and the various
methods described, e.g., by W. R. Pearson, in Genomics 11(3):635-50 (November 1991); by W.
R. Pearson, in Methods Molec. Biol. 24:307-31 and 25:365-89 (1994), and by D. G. Higgins &
P. M. Sharp, in Comp. Appl'ns in Biosci. 5:151-53 (1989) and in Gene 73(1):237-44 (15 Dec.
1988).

[0160] GAP Version 10, which uses the algorithm of Needleman and Wunsch (1970) supra, can
be used to determine sequence identity or similarity using the following parameters: % identity
and % similarity for a nucleotide sequence using GAP Weight of 50 and Length Weight of 3, and
the nwsgapdna.cmp scoring matrix; % identity or % similarity for an amino acid sequence using

62



WO 2022/261377 PCT/US2022/032911

GAP weight of 8 and length weight of 2, and the BLOSUMS62 scoring program. Equivalent or
similar programs may also be used as will be understood by one of skill in the art. For example,
a sequence comparison program can be used that, for any two sequences in question, generates
an alignment having identical nucleotide residue matches and an identical percent sequence
identity when compared to the corresponding alignment generated by GAP Version 10. In
embodiments, the sequence comparison is performed across the entirety of the query or the
subject sequence, or both.

[0161] Mutations Resulting in a Deficiency of a Recombinant Host Cell Protein or in an
Overexpressed Inactivated Protease

[0162] A recombinant bacterial host cell of the invention having a deficient protein activity can
be generated by altering one or more genes encoding a protein having the protein activity, by any
known method. A “deficient” protein activity or “deficiency” in a protein activity as used
throughout this description, may include a partial deficiency, a substantial deficiency, or a
complete deficiency. A “deficient” protein activity or “deficiency” in a protein activity as used
throughout this description may include a reduction in, or elimination of, the protein activity. In
some embodiments, the recombinant host cell protein activity is accordingly deficient in the host
cell as compared with a control cell. In some embodiments, a control cell is a corresponding host
cell that has wild-type activity of the protein. In some embodiments, a control cell is a
corresponding wild-type cell. In some embodiments, a control cell has wild-type activity of the
protein but has other differences relative to a wild-type cell. The recombinant host cell of the
invention may be modified by any suitable means, e.g., as described herein, to reduce or
eliminate the activity of protein. A recombinant bacterial host cell of the invention may also
overexpress an inactivated protease, as described herein. In some embodiments, the
overexpressed inactivated protease is partially inactivated, substantially inactivated, or fully
inactivated with regard to the protease activity. In some embodiments, the overexpressed
inactivated protease is partially inactivated, substantially inactivated, or fully inactivated with
regard to the protease activity, and active with respect to another property, e.g., a chaperone
activity. In some embodiments, the inactivated protease is inactivated by mutation, e.g., by
mutation of a gene encoding the active protease (having protease activity).

[0163] In some embodiments, the deficient or reduced protein activity of the recombinant host
cell results from a mutation that causes an amino acid change or other disruption, e.g., by amino
acid substitution, deletion of one or more amino acid, insertion of one or more amino acid, or
protein truncation. In some embodiments, the mutation is an inactivating mutation. In some
embodiments, the mutation is a partially-inactivating mutation. In some embodiments, a
deficiency in the activity of a protein, e.g., a protease or autolytic factor, results from one or more
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mutation independently selected from (i) a complete gene deletion (gene knockout), (ii) a partial
gene deletion, (iil) a missense mutation, (iv) a nonsense mutation, (v) a frameshift mutation, (vi)
an insertion, and (vii) any combination of (i1), (iii), (iv), (v) and (vi). In some embodiments, an
overexpressed inactivated protease is inactivated by one or more mutation independently selected
from (ii) a partial gene deletion, (iii) a missense mutation, (iv) a nonsense mutation, (v) a
frameshift mutation, (vi) an insertion, and (vii) any combination of (ii), (iii), (iv), (v) and (vi). In
some embodiments, the mutation resulting in a deficient protein activity or an inactivated
protease is in a coding region of a gene encoding the protein or inactivated protease. In some
embodiments, the mutation resulting in a deficient protein activity is in a non-coding region of
the gene encoding the protein. In some embodiments, the non-coding region of the gene is a
regulatory region. In some embodiments, the mutation in the regulatory region of the gene
disrupts a regulatory element that is required for production of the protein, for example, an
element required for transcription of the corresponding RNA, or translation of the mRNA into
protein. For example, a noncoding region regulatory element can be a promoter, enhancer,
regulatory protein binding site, ribosome binding site, or any other regulatory element as known
to those of skill in the art.

[0164] In some embodiments, a mutation disrupts a critical site in a protein to result in a
deficient protein in the recombinant host cell, or an inactivated overexpressed protease, e.g., by
changing or deleting one or more amino acids at a protease active site. In some embodiments, a
mutation disrupts an allosteric region of the protein, e.g., by changing one or more amino acids in
an allosteric region. An allosteric region may be a region that interacts with another region to
form an active protein conformation. In some embodiments, a mutation results in the substitution
of an amino acid with any other amino acid. In some embodiments, the substitution is a non-
conservative amino acid substitution. A non-conservative amino acid substitution can be readily
selected by one of skill in the art. Table 2 provides examples of conservative amino acid
substitutions (column I) and alternative conservative amino acid substitutions (II). In some
embodiments, a non-conservative substitution of an original amino acid (e.g., the amino acid in
the wild-type protein) is a substitution with any amino acid not listed in (I) for the original amino
acid. In some embodiments, a non-conservative substitution of an original amino acid is any
amino acid not listed in (II) for the original amino acid. In some embodiments, a non-
conservative amino acid substitution is any amino acid not listed in either (I) or (II) for the
original amino acid.

[0165] Table 2.

64



WO 2022/261377

PCT/US2022/032911

Amino
Acid

L. Conservative Substitutions

I1. Alternative Substitutions

Ala

Gly, Ile, Leu, Val

any aliphatic amino acid or derivative
thereof
(Ala, Gly, Ile, Leu, Val)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

Arg

His, Lys

any basic amino acid or derivative
thereof
(Arg, His, Lys)

any charged amino acid or derivative
thereof
(Asp, Arg, Glu, Lys)

any basic amino acid with an
electrically charged sidechain or
derivative thereof

(Arg, His, Lys)

Asn

Asp, Gln, Glu

any acidic amino acid or derivative
thereof, or any amide of any acidic
amino acid or derivative thereof
(Asn, Asp, Gln, Glu)

any polar amino acid or derivative
thereof
(Asn, Cys, Gln, His, Ser, Thr, Trp, Tyr)

Asp

Asn, Gln, Glu

any acidic amino acid or derivative
thereof, or any amide of any acidic
amino acid or derivative thereof
(Asn, Asp, Gln, Glu)

any charged amino acid or derivative
thereof
(Asp, Arg, Glu, Lys)

any polar neutral amino acid or
derivative thereof
(Asp, Cys, Gln, Ser, Thr)

any acidic amino acid with an
electrically charged sidechain or
derivative thereof

(Asp, Glu)

Met, Sec, Ser, Thr

any hydroxyl or sulfur/selenium-
containing amino acid or derivative
thereof

(Cys, Sec, Ser, Met, Thr)
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any polar amino acid or derivative
thereof
(Asn, Cys, Gln, His, Ser, Thr, Trp, Tyr)

any polar neutral amino acid or
derivative thereof
(Asp, Cys, Gln, Ser, Thr)

Gln

Asn, Asp, Glu

any acidic amino acid or derivative
thereof, or any amide of any acidic
amino acid or derivative thereof
(Asn, Asp, Gln, Glu)

any polar amino acid or derivative
thereof

(Asn, Cys, Gln, His, Ser, Thr, Trp,
Tyr)

any polar neutral amino acid or
derivative thereof
(Asp, Cys, Gln, Ser, Thr)

any acidic amino acid with an
electrically charged sidechain or
derivative thereof

(Asp, Glu)

Glu

Asn, Asp, Gln

any acidic amino acid or derivative
thereof, or any amide of any acidic
amino acid or derivative thereof
(Asn, Asp, Gln, Glu)

any charged amino acid or derivative
thereof
(Asp, Arg, Glu, Lys)

Gly

Ala, Ile, Leu, Val

any aliphatic amino acid or derivative
thereof
(Ala, Gly, Ile, Leu, Val)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

His

Arg, Lys

any basic amino acid or derivative
thereof
(Arg, His, Lys)

any polar amino acid or derivative
thereof
(Asn, Cys, Gln, His, Ser, Thr, Trp, Tyr)

any basic amino acid with an
electrically charged sidechain or
derivative thereof

(Arg, His, Lys)
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Ile

Ala, Gly, Leu, Val

any aliphatic amino acid or derivative
thereof
(Ala, Gly, Ile, Leu, Val)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

Leu

Ala, Gly, Ile, Val

any aliphatic amino acid or derivative
thereof
(Ala, Gly, Ile, Leu, Val)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

Lys

Arg, His

any basic amino acid or derivative
thereof
(Arg, His, Lys)

any charged amino acid or derivative
thereof
(Asp, Arg, Glu, Lys)

any basic amino acid with an
electrically charged sidechain or
derivative thereof

(Arg, His, Lys)

Met

Cys, Sec, Ser, Thr

any hydroxyl or sulfur/selenium-
containing amino acid or derivative
thereof

(Cys, Sec, Ser, Met, Thr)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

Phe

Trp, Tyr

any aromatic amino acid or derivative
thereof
(Phe, Trp, Tyr)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

Pro

any cyclic amino acid or derivative
thereof
(Pro)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

Ser

Cys, Met, Sec, Thr

any hydroxyl or sulfur/selenium-
containing amino acid or derivative
thereof
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(Cys, Sec, Ser, Met, Thr)

any polar amino acid or derivative
thereof

(Asn, Cys, Gln, His, Ser, Thr, Trp,
Tyr)

any polar neutral amino acid or
derivative thereof
(Asp, Cys, Gln, Ser, Thr)

Thr Cys, Met, Sec, Ser any hydroxyl or sulfur/selenium-
containing amino acid or derivative
thereof

(Cys, Sec, Ser, Met, Thr)

any polar amino acid or derivative
thereof

(Asn, Cys, Gln, His, Ser, Thr, Trp,
Tyr)

any polar neutral amino acid or
derivative thereof
(Asp, Cys, Gln, Ser, Thr)

Trp Phe, Tyr, any aromatic amino acid or derivative
thereof
(Phe, Trp, Tyr)

any polar amino acid or derivative
thereof

(Asn, Cys, Gln, His, Ser, Thr, Trp,
Tyr)

Tyr Phe, Trp any aromatic amino acid or derivative
thereof
(Phe, Trp, Tyr)

any polar amino acid or derivative
thereof

(Asn, Cys, Gln, His, Ser, Thr, Trp,
Tyr)

Val Ala, Gly, Ile, Leu any aliphatic amino acid or derivative
thereof
(Ala, Gly, Ile, Leu, Val)

any hydrophobic amino acid or
derivative thereof
(Ala, Gly, Ile, Leu, Met, Phe, Pro, Val)

[0166] Recombinant Proteins of Interest
[0167] The present invention provides gram-negative bacterial host cells and methods for their
use to produce recombinant proteins of interest of high quality and at high yield. In some

embodiments, a recombinant protein of interest produced using the described host cells and
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methods is a protein susceptible to degradation when recombinantly expressed in gram-negative
bacterial host cell. In some embodiments the recombinant protein of interest is degraded in a
host cell that produces a wild-type, or functional, tail-specific protease, and is observed to be less
degraded in a host cell deficient in tail-specific protease activity. As described herein, a
recombinant protein of interest may be produced by the recombinant gram-negative bacterial host
cell from one or more expression plasmid or vector comprising nucleic acid expression
constructs that encode the recombinant protein of interest and from which the recombinant
protein can be expressed.

[0168] Extensive sequence information required for molecular genetics and genetic engineering
techniques is widely publicly available. Access to complete nucleotide sequences of mammalian,
as well as human, genes, cDNA sequences, amino acid sequences and genomes are often
obtained from GenBank at the website www.ncbi.nlm.nih.gov/Entrez. Additional information
may be obtained from GeneCards, an electronic encyclopedia integrating information about
genes and their products and biomedical applications, from the Weizmann Institute of Science
Genome and Bioinformatics. Nucleotide sequence information may be obtained from the EMBL
Nucleotide Sequence Database or the DNA Databank or Japan (DDBJ). Additional sources of
information on amino acid sequences include Georgetown's protein information resource website
and Swiss-Prot.

[0169] In some embodiments, the protein of interest is a mammalian protein or polypeptide or
derived from a mammalian protein or polypeptide. The terms “protein” and “polypeptide” are
used interchangeably herein, unless the context indicates otherwise. In embodiments, the protein
of interest is a human protein or derived from a human protein. In embodiments, the protein of
interest is a prokaryotic protein or derived from a prokaryotic protein. In embodiments, the
protein of interest is a microbial protein or derived from a microbial protein. In embodiments,
the protein of interest is a bacterial protein or derived from a bacterial protein. In some
embodiments, the recombinant protein of interest is human, murine, rat, rabbit, guinea pig,
camelid, shark, avian, yeast, fungal, gram-negative bacterial, or gram-positive bacterial, or
derived therefrom.

[0170] In some embodiments, a recombinant protein of interest produced using the compositions
and methods of the present invention is selected from: an antibody, antibody fragment, or
derivative of an antibody or antibody fragment (antibody, antibody fragment, or derivative
thereof); an antibody-based drug, a non-antibody binding protein (e.g., an antibody mimetic,
including, but not limited to, an alphabody, an iBody, an affibody, an affilin, an affitin, or an
anticalin), a reagent protein; a vaccine antigen, a therapeutic protein or enzyme; non-natural
protein; a pathogen protein or derivative thereof; a microbial toxin, a lipoprotein; an extracellular
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receptor or ligand; a protease; a kinase; a blood protein; a chemokine; a cytokine; a bone
morphogenic protein; an anticoagulant; a blood factor; a bone morphogenetic protein; an
engineered protein scaffold; an enzyme, e.g., a biocatalytic enzyme; a growth factor; an
interferon; an interleukin; a thrombolytic agent; a hormone; and a TGF-beta family member
protein.

[0171] In some embodiments, a recombinant protein of interest produced using the compositions
and methods of the present invention is mammalian, rodent, avian, Chondrichthyes, fungal, or
bacterial. In some embodiments, a recombinant protein of interest is human, murine, rat, rabbit,
guinea pig, camelid, shark, chicken, yeast, fungal, gram-negative bacterial, or gram-positive
bacterial. In some embodiments, the recombinant protein of interest is native to the recombinant
gram-negative bacterial host cell. In some embodiments, the recombinant protein of interest is
heterologous to the recombinant gram-negative bacterial host cell, that is, the protein of interest
is derived from an organism other than the expression host cell. In some embodiments, a
recombinant protein of interest produced is a difficult-to-express recombinant protein, e.g., a
protein that undergoes rapid proteolytic degradation by intracellular bacterial proteases, including
a protein having an N-terminus that is vulnerable to degradation, and a protein that typically is
produced in insoluble form in microbial or bacterial expression systems.

[0172] In some embodiments, an antibody, antibody fragment, or derivative of an antibody or
antibody fragment (antibody, antibody fragment, or derivative thereof is selected from: a
monoclonal antibody; a complementarity determining region (CDR) fragment; a CDR-grafted
antibody; a single-chain antibody; a single chain antibody fragment; modified antibody, a
bispecific antibody, a chimeric antibody; a diabody; a triabody; a tetrabody; a minibody; a linear
antibody; a chelating recombinant antibody; a bibody; a tribody; an intrabody; a nanobody; a
small modular immunopharmaceutical (SMIP); an antigen-binding-domain immunoglobulin
fusion protein; a camelid antibody; a shark single domain antibody, an avian antibody (e.g., a
chicken antibody), a VHH-containing antibody; a F(ab); a F(ab)’; F(ab)’2; scFv; an Fc fragment
generated from the heavy chain constant region of an antibody; a reduced IgG fragment (e.g.,
generated by reducing the hinge region disulfide bonds of IgG); an Fc fusion protein (e.g.,
comprising the Fc domain of IgG fused together with a protein or peptide of interest); a domain
antibody; a VL; a VNAR; a VH; a VHH; or any other antibody fragment described in the art,
e.g., in U.S. Pat. No. 5,648,237, “Expression of Functional Antibody Fragments,” incorporated
by reference herein in its entirety. In some embodiments, the VHH-containing antibody is a
VHH concatenated antibody. In some embodiments, an antibody or antibody fragment derived

from a non-human animal species is humanized.
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[0173] In some embodiments, an antibody, antibody fragment, or derivative thereof produced
using the compositions and methods of the present invention is a therapeutic antibody, antibody
fragment, or derivative thereof. In some embodiments, the therapeutic antibody, antibody
fragment, or derivative thereof binds to a target selected from: a cytokine; a chemokine; a drug; a
cell-surface protein, e.g., a receptor, cell-surface marker, pathogen surface-protein, etc.; a growth
factor; a growth factor receptor; immune checkpoint molecule, and a blood factor. In some
embodiments, the cytokine is TNF-alpha. In some embodiments, the drug is a platelet-
aggregation inhibitor. In some embodiments, the platelet-aggregation inhibitor is ticagrelor.
[0174] In some embodiments, the recombinant protein of interest is an antibody fragment
selected from a Fab, Fab’, or F(ab’):. A Fab comprises one constant region domain and one
variable region domain of each of the heavy and the light chain, and lacks the antibody hinge
region. In some embodiments, the recombinant protein of interest is a Fab’. A Fab’ also
comprises one constant region domain and one variable region domain of each of the heavy and
the light chain, and also comprises the antibody hinge region of the heavy chain, and thereby has
free sulthydryls. A F(ab’)2 comprises two antigen binding regions, each having one constant
region domain and one variable region domain of each of the heavy and the light chains, and both
heavy chains having the hinge region. This allows disulfide bonding to join the two binding
regions.
[0175] In some embodiments, the recombinant protein of interest is a Fab’ that binds to a target
selected from: Carcinoembryonic antigen (CEA); CD22; fibrin II, beta chain; TNF-alpha; and
NCA-90 (granulocyte antigen). In some embodiments, the Fab’ is selected from: Arcitumomab;
Bectumomab; Biciromab; the Fab’ moiety of Certolizumab pegol; and Sulesomab.In some
embodiments, the recombinant protein of interest is a Fab that binds to a target selected from:
EpCAM, Complement factor D (CFD), C242 antigen, 5T4, human scatter factor receptor kinase,
VEGF-A, and integrin alIbp3. In some embodiments, the Fab is selected from: Abciximab;
Abrezekimab; Anatumomab mafenatox; Citatuzumab bogatox; Lampalizumab;, Nacolomab
tafenatox; Naptumomab estafenatox; Nofetumomab merpentan; Onartuzumab; Ranibizumab;
Tadocizumab; and Telimomab aritox. In some embodiments, the recombinant protein of interest
is a F(ab’)2 that binds to a target selected from: TNF-alpha; VEGFR2; ITGB2 (CD18); and CA-
125. In some embodiments, the F(ab’): is selected from: Afelimomab; Alacizumab pegol,;
Dorlimomab aritox; Erlizumab; and Igovomab.
[0176] In some embodiments, a Fab’ that binds to human tumor necrosis factor alpha (human
TNF-alpha) is the Fab’ moiety of certolizumab. Certolizumab is a recombinant, humanized
antibody Fab’ fragment, with specificity for human TNF-alpha, conjugated to an approximately
40kDa polyethylene glycol (PEG2ZMAL40K). Certolizumab is approved in the United States
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under the name Cimzia® for treatment of autoimmune conditions including Crohn’s disease,
rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, non-radiographic axial
spondyloarthritis, and moderate to severe plaque psoriasis, as described in detail in the Cimzia
Prescribing Information (Cimzia Prescribing Information, revised 09/2019, incorporated by
reference in its entirety). In some embodiments, the recombinant gram-negative bacterial host
cell and related methods described herein are used to produce a recombinant Fab’ that binds to
human TNF-alpha, for use in the treatment of Crohn’s disease, rheumatoid arthritis, psoriatic
arthritis, ankylosing spondylitis, non-radiographic axial spondyloarthritis, and moderate to severe
plaque psoriasis.

[0177] In some embodiments, a recombinant protein of interest is expressed in the recombinant
gram-negative bacterial host cell from one or more expression vector, each comprising one or
more expression constructs, and each expression construct comprising a nucleic acid sequence
for expressing and encoding the recombinant protein of interest. As understood by one of skill in
the art, one or more expression construct may be included in a single expression vector, as
required to encode each polypeptide chain comprised by the recombinant protein of interest. In
some embodiments, a recombinant gram-negative bacterial host cell comprises at least two
expression vectors, each comprising one or more expression construct as needed depending upon
the recombinant protein of interest. As understood by those of skill in the art, an antibody,
antibody fragment, or derivative thereof may be comprised of one or more polypeptides produced
from one or more expression constructs. For example, an antibody may be comprised of four
polypeptides: two identical heavy chains and two identical light chains, encoded by at least two
genes. An antibody may be comprised of two non-identical heavy chains and two non-identical
light chains, encoded by at least four different genes. An antibody fragment may be, e.g.,
comprised of one heavy chain and one light chain (e.g., a Fab or Fab’), two heavy chains and two
light chains (e.g., a F(ab’)2), one heavy chain (e.g., a VHH, a Vg, or a VL), or a single
polypeptide comprising both Vu and VL (scFv). In some embodiments, one or more expression
vector in a recombinant host cell may include multiple copies of the same expression construct.
[0178] In some embodiments, the at least one expression construct encoding the antibody,
antibody fragment, or derivative thereof comprises at least one nucleic acid sequence encoding a
heavy chain, at least one nucleic acid sequence encoding a light chain, or both, wherein the heavy
chain is full-length or a heavy chain fragment, and the light chain is full-length or a light chain
fragment. In some embodiments, the at least one expression construct encoding the antibody,
antibody fragment, or derivative thereof comprises at least two nucleic acid sequences, each
encoding a heavy chain. In some embodiments, the at least one expression construct encoding
the antibody, antibody fragment, or derivative thereof comprises a nucleic acid sequence
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encoding a heavy chain and a nucleic acid sequence encoding a light chain, wherein the heavy
and light chain are expressed from the same mRNA transcript. In some embodiments, the at least
one expression construct encoding the antibody, an antibody fragment, or derivative thereof
comprises a nucleic acid sequence encoding a heavy chain and a nucleic acid sequence encoding
a light chain, wherein the heavy and light chain are expressed from different mRNA transcripts.
In some embodiments, each heavy chain-encoding nucleic acid sequence and each light chain-
encoding nucleic acid sequence is individually operably linked to an independently selected
nucleic acid sequence encoding a periplasmic secretion signal.

[0179] Further, as described herein, a recombinant gram-negative host cell of the invention may
comprise one or more expression vector that contains one or more expression construct for
production of a co-overexpressed protein, e.g., an inactivated protease, folding modulator,
chaperone, or any combination thereof. A recombinant protein of interest and a co-
overexpressed protein expression may be expressed from the same expression vector. In some
embodiments, a recombinant protein of interest and a co-overexpressed protein are co-
transcribed, from the same promoter. In some embodiments, a recombinant protein of interest
and a co-overexpressed protein are transcribed from different promoters. A recombinant protein
of interest and a co-overexpressed protein may be expressed from different expression vectors in
the recombinant host cell.

[0180] In some embodiments, a recombinant gram-negative bacterial host cell comprises 1 to 5
expression vectors. In some embodiments, each expression vector comprises 1 to S expression
constructs. In some embodiments, the expression constructs each encode a different protein. In
some embodiments, more than one expression construct present in the expression vector(s)
encodes the same protein.

[0181] Methods for Producing a Recombinant Protein

[0182] The present invention includes methods for producing a recombinant protein of interest
using the recombinant gram-negative bacterial host cells described herein. The compositions and
methods of the invention can be used to produce a recombinant protein of interest of high quality,
at high yield, or both. A high quality recombinant protein of interest can be soluble, active,
intact, or any combination thereof. In some embodiments, the compositions and methods of the
invention are used to produce a recombinant protein that is soluble, active, intact, present at high
yield, or any combination thereof.

[0183] In some embodiments, a method for producing a recombinant protein of interest
comprises: recovering the recombinant protein of interest from a recombinant gram-negative
bacterial host cell as set forth herein, wherein the recombinant gram-negative host cell has been
cultured under suitable fermentation conditions, wherein the recombinant gram-negative host cell
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has been transformed with at least one expression vector encoding the recombinant protein of
interest. In some embodiments, recovery of the recombinant protein of interest from the
recombinant gram-negative bacterial host cell comprises at least one purification step. In some
embodiments, the yield and/or quality of the recovered recombinant protein of interest is
measured. In some embodiments, the yield and/or quality of the recovered recombinant protein
of interest is compared with that recovered from a control cell.

[0184] Production and evaluation of a recombinant protein of interest using the inventive gram-
negative bacterial host cells as described herein may carried out as set forth herein, in
combination with known tools and methods for producing recombinant proteins in bacterial host
cells.

[0185] Gram-Negative Bacterial Host Cells

[0186] Gram-negative bacterial host cells of the present invention include Pseudomonads (i.e.,
host cells in the order Pseudomonadales) and related bacterial organisms known in the art, e.g.,
Escherichia, Erwinia, Salmonella, Shigella, Moraxella, Helicobacter, Legionella, Neisseria,
Haemophilus, Acinetobacter, Xylella, Bacteroides, Citrobacter, Enterobacter, Klebsiella,
Proteus, Serratia, Shigella, Yersinia and Vibrio, and including any species or subspecies,
including but not limited to P. fluorescens, P. aeruginosa, P. putida, E. coli, E. chrysanthemi, S.
typhimurium, Helicobacter pylori, L. pneumophila, N. meningitidis, N. gonorrhoeae,
Haemophilus influenzae, V. cholerae, X. fastidiosa, and A. baylyi.

[0187] In some embodiments, the Pseudomonad host cell is Pseudomonas fluorescens.
[0188] In embodiments, the host cell is of the order Pseudomonadales (referred to herein as a
“Pseudomonad.” Where the host cell is of the order Pseudomonadales, it may be a member of
the family Pseudomonadaceae, including the genus Pseudomonas.

[0189] Gamma Proteobacterial hosts include members of the species Escherichia coli and
members of the species Pseudomonas fluorescens. Other Pseudomonas organisms may also be
useful. Pseudomonads and closely related species include Gram-negative Proteobacteria
Subgroup 1, which include the group of Proteobacteria belonging to the families and/or genera
described as “Gram-Negative Aerobic Rods and Cocci” by R. E. Buchanan and N. E. Gibbons
(eds.), Bergey's Manual of Determinative Bacteriology, pp. 217-289 (8th ed., 1974) (The
Williams & Wilkins Co., Baltimore, Md., USA), all are incorporated by reference herein in its
entirety. Table 3 presents these families and genera of organisms.

Table 3: Families and Genera (“Gram-Negative Aerobic Rods and Cocci,” Bergey’s, 1974)

Family I. Pseudomonaceae Gluconobacter Pseudomonas
Xanthomonas
Zoogloea
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Family II. Azotobacteraceae Azomonas Azotobacter
Beijerinckia
Derxia
Family II1. Rhizobiaceae Agrobacterium Rhizobium
Family IV. Methylomonadaceae Methylococcus Methylomonas
Family V. Halobacteriaceae Halobacterium Halococcus
Other Genera Acetobacter Alcaligenes
Bordetella
Brucella
Francisella
Thermus

[0190] Pseudomonas and closely related bacteria are generally part of the group defined as
“Gram(-) Proteobacteria Subgroup 17 or “Gram-Negative Aerobic Rods and Cocci” (Buchanan
and Gibbons (eds.) (1974) Bergey's Manual of Determinative Bacteriology, pp. 217-289).
Pseudomonas host strains are described in the literature, e.g., in U.S. Pat. No. 9,458,487 and U.S.
Pat. No. 9,453,251, both entitled “Expression of mammalian proteins in Pseudomonas
Sluorescens,” each incorporated by reference herein.

[0191] “Gram-negative Proteobacteria Subgroup 17 also includes Proteobacteria that would be
classified in this heading according to the criteria used in the classification. The heading also
includes groups that were previously classified in this section but are no longer, such as the
genera Acidovorax, Brevundimonas, Burkholderia, Hydrogenophaga, Oceanimonas, Ralstonia,
and Stenotrophomonas, the genus Sphingomonas (and the genus Blastomonas, derived
therefrom), which was created by regrouping organisms belonging to (and previously called
species of) the genus Xanthomonas, the genus Acidomonas, which was created by regrouping
organisms belonging to the genus Acefobacter as defined in Bergey (1974). In addition hosts can
include cells from the genus Pseudomonas, Pseudomonas enalia (ATCC 14393), Pseudomonas
nigrifaciensi (ATCC 19375), and Pseudomonas putrefaciens (ATCC 8071), which have been
reclassified respectively as Alteromonas haloplanktis, Alteromonas nigrifaciens, and
Alteromonas putrefaciens. Similarly, e.g., Pseudomonas acidovorans (ATCC 15668) and
Pseudomonas testosteroni (ATCC 11996) have since been reclassified as Comamonas
acidovorans and Comamonas testosteroni, respectively; and Pseudomonas nigrifaciens (ATCC
19375) and Pseudomonas piscicida (ATCC 15057) have been reclassified respectively as
Pseudoalteromonas nigrifaciens and Pseudoalteromonas piscicida. “Gram-negative
Proteobacteria Subgroup 17 also includes Proteobacteria classified as belonging to any of the
families: Pseudomonadaceae, Azotobacteraceae (now often called by the synonym, the
“Azotobacter group” of Pseudomonadaceae), Rhizobiaceae, and Methylomonadaceae (now often
called by the synonym, “Methylococcaceae”). Consequently, in addition to those genera
otherwise described herein, further Proteobacterial genera falling within “Gram-negative

Proteobacteria Subgroup 17 include: 1) Azotobacter group bacteria of the genus Azorhizophilus;
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2) Pseudomonadaceae family bacteria of the genera Cellvibrio, Oligella, and Teredinibacter; 3)
Rhizobiaceae family bacteria of the genera Chelatobacter, Ensifer, Liberibacter (also called
“Candidatus Liberibacter”), and Sinorhizobiun, and 4) Methylococcaceae family bacteria of the
genera Methylobacter, Methylocaldum, Methylomicrobium, Methylosarcina, and
Methylosphaera.

[0192] The host cell can be selected from “Gram-negative Proteobacteria Subgroup 16.”
“Gram-negative Proteobacteria Subgroup 16” is defined as the group of Proteobacteria of the
following Pseudomonas species (with the ATCC or other deposit numbers of exemplary strain(s)
shown in parenthesis): Pseudomonas abietaniphila (ATCC 700689); Pseudomonas aeruginosa
(ATCC 10145); Pseudomonas alcaligenes (ATCC 14909); Pseudomonas anguilliseptica (ATCC
33660); Pseudomonas citronellolis (ATCC 13674); Pseudomonas flavescens (ATCC 51555);
Pseudomonas mendocina (ATCC 25411); Pseudomonas nitroreducens (ATCC 33634),
Pseudomonas oleovorans (ATCC 8062); Pseudomonas pseudoalcaligenes (ATCC 17440);
Pseudomonas resinovorans (ATCC 14235); Pseudomonas straminea (ATCC 336306);,
Pseudomonas agarici (ATCC 25941); Pseudomonas alcaliphila; Pseudomonas alginovora;
Pseudomonas andersonii; Pseudomonas asplenii (ATCC 23835); Pseudomonas azelaica (ATCC
27162), Pseudomonas beyerinckii (ATCC 19372); Pseudomonas borealis; Pseudomonas
boreopolis (ATCC 33662); Pseudomonas brassicacearum; Pseudomonas butanovora (ATCC
43655); Pseudomonas cellulosa (ATCC 55703), Pseudomonas aurantiaca (ATCC 33663);,
Pseudomonas chlororaphis (ATCC 9446, ATCC 13985, ATCC 17418, ATCC 17461);
Pseudomonas fragi (ATCC 4973); Pseudomonas lundensis (ATCC 49968); Pseudomonas
taetrolens (ATCC 4683); Pseudomonas cissicola (ATCC 33616); Pseudomonas coronafaciens;
Pseudomonas diterpeniphila; Pseudomonas elongata (ATCC 10144); Pseudomonas flectens
(ATCC 12775); Pseudomonas azotoformans; Pseudomonas brenneri; Pseudomonas cedrella;
Pseudomonas corrugata (ATCC 29736); Pseudomonas extremorientalis; Pseudomonas
Sluorescens (ATCC 35858); Pseudomonas gessardii; Pseudomonas libanensis; Pseudomonas
mandelii (ATCC 700871); Pseudomonas marginalis (ATCC 10844); Pseudomonas migulae;
Pseudomonas mucidolens (ATCC 4685); Pseudomonas orientalis; Pseudomonas rhodesiae;
Pseudomonas synxantha (ATCC 9890); Pseudomonas tolaasii (ATCC 33618); Pseudomonas
veronii (ATCC 700474);, Pseudomonas frederiksbergensis, Pseudomonas geniculata (ATCC
19374); Pseudomonas gingeri;, Pseudomonas graminis, Pseudomonas grimontii; Pseudomonas
halodenitrificans; Pseudomonas halophila; Pseudomonas hibiscicola (ATCC 19867);
Pseudomonas huttiensis (ATCC 14670); Pseudomonas hydrogenovora; Pseudomonas jessenii
(ATCC 700870); Pseudomonas kilonensis, Pseudomonas lanceolata (ATCC 14669);
Pseudomonas lini; Pseudomonas marginate (ATCC 25417); Pseudomonas mephitica (ATCC
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33665); Pseudomonas denitrificans (ATCC 19244); Pseudomonas pertucinogena (ATCC 190);,
Pseudomonas pictorum (ATCC 23328); Pseudomonas psychrophila; Pseudomonas filva (ATCC
31418); Pseudomonas monteilii (ATCC 700476); Pseudomonas mosselii; Pseudomonas
oryzihabitans (ATCC 43272); Pseudomonas plecoglossicida (ATCC 700383), Pseudomonas
putida (ATCC 12633); Pseudomonas reactans; Pseudomonas spinosa (ATCC 14606);
Pseudomonas balearica; Pseudomonas luteola (ATCC 43273); Pseudomonas stutzeri (ATCC
17588); Pseudomonas amygdali (ATCC 33614); Pseudomonas avellanae (ATCC 700331);
Pseudomonas caricapapayae (ATCC 33615); Pseudomonas cichorii (ATCC 10857),
Pseudomonas ficuserectae (ATCC 35104); Pseudomonas fuscovaginae; Pseudomonas meliae
(ATCC 33050); Pseudomonas syringae (ATCC 19310); Pseudomonas viridiflava (ATCC
13223); Pseudomonas thermocarboxydovorans (ATCC 35961); Pseudomonas thermotolerans,
Pseudomonas thivervalensis; Pseudomonas vancouverensis (ATCC 700688); Pseudomonas
wisconsinensis; and Pseudomonas xiamenensis. In one embodiment, the host cell is
Pseudomonas fluorescens.

[0193] The host cell can also be selected from “Gram-negative Proteobacteria Subgroup 17.”
“Gram-negative Proteobacteria Subgroup 17 is defined as the group of Proteobacteria known in
the art as the “fluorescent Pseudomonads” including those belonging, e.g., to the following
Pseudomonas species: Pseudomonas azotoformans; Pseudomonas brenneri; Pseudomonas
cedrella; Pseudomonas corrugata; Pseudomonas extremorientalis; Pseudomonas fluorescens;
Pseudomonas gessardii; Pseudomonas libanensis; Pseudomonas mandelii; Pseudomonas
marginalis; Pseudomonas migulae; Pseudomonas mucidolens; Pseudomonas orientalis;
Pseudomonas rhodesiae; Pseudomonas synxantha; Pseudomonas tolaasii; and Pseudomonas
Veronii.

[0194] Host Strain Backgrounds

[0195] Host cells, strains and expression constructs useful in practicing the methods of the
invention can be identified or made using reagents and methods known to those of skill in the art
and described in the literature. For example, U.S. Pat. No. 8,288,127, “Protein Expression
Systems,” incorporated herein by reference in its entirety, describes production of a recombinant
polypeptide by introduction of a nucleic acid construct into an auxotrophic Pseudomonas
Sfluorescens host cell comprising a chromosomal lacl gene insert (e.g., Isc::lacI?!). The nucleic
acid construct comprises a nucleotide sequence encoding the recombinant polypeptide operably
linked to a promoter capable of directing expression of the nucleic acid in the host cell, and also
comprises a nucleotide sequence encoding an auxotrophic selection marker. The auxotrophic
selection marker is a polypeptide that restores prototrophy to the auxotrophic host cell. In
embodiments, the cell is auxotrophic for proline, uracil, or combinations thereof. In
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embodiments, the host cell is derived from MB101 (ATCC deposit PTA-7841). U.S. Pat. No.
8,288,127, “Protein Expression Systems,” and Schneider, et al., 2005, “Auxotrophic markers
pyrI and proC can replace antibiotic markers on protein production plasmids in high-cell-density
Pseudomonas fluorescens fermentation,” Biotechnol. Progress 21(2): 343-8, both incorporated
herein by reference in their entirety, describe a production host strain auxotrophic for uracil that
was constructed by deleting the pyrF gene in strain MB101. The pyr[ gene was cloned from
strain MB214 (ATCC deposit PTA-7840) to generate a plasmid that complements the pyrF”
deletion to restore prototrophy. In particular embodiments, a dual pyrF-proC dual auxotrophic
selection marker system in a . fluorescens host cell is used. Given the published literature, a
pyrF deleted production host strain as described can be produced by one of skill in the art using
known methods and used as the background for introducing other desired genomic changes,
including those described herein as useful in practicing the methods of the invention. It would be
understood by one of skill in the art that a production host strain useful in the methods of the
present invention can be generated using a publicly available host cell, for example, P.
Sluorescens MB101, e.g., by inactivating the genes encoding PyrF, Prcl, Prc2, MepM1, and
optionally gene encoding an additional protease or autolytic factor, using any of many suitable
methods known in the art and described in the literature. It is also understood that a prototrophy
restoring plasmid can be transformed into the strain, e.g., a plasmid carrying the pyrF gene from
strain MB214, using any suitable method known in the art and described in the literature.
Additionally, in such strains inactivated protease and folding modulator overexpression
constructs may be introduced, using methods well known in the art.

[0196] In embodiments, a P. fluorescens host strain used in the methods of the invention is
DC1032 (Aprel, Aprc2, AhsIUV, ApyrF, Isc::lacI??), a derivative of deposited strain MB101 in
which the genes pyrF'is deleted, and the E.coli lacl transcriptional repressor is inserted and fused
with the levansucrase gene (Isc). Sequences for these genes and methods for their use are known
in the art and described in the literature, e.g., in U.S. Pat. Nos. 8,288,127, 8,017,355, “Mannitol
induced promoter systems in bacterial host cells,” and 7,794,972, “Benzoate-and anthranilate-
inducible promoters,” each incorporated by reference herein.

[0197] A Pseudomonas host cell equivalent to a host cell as listed in Table 4, e.g., DC1032,
DC954, or DC454, or any of the host cells or expression strains described herein can be
constructed from MB101 using methods described herein and in the published literature. In
embodiments, a host cell equivalent to DC1032 or DC954 is used. Host cell DC454 is described
by Schneider, et al., 2005, where it is referred to as DC206, and in U.S. Pat. No. 8,569,015, “rPA

Optimization,” incorporated herein by reference in its entirety. DC206 is the same strain as
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DC454; it was renamed DC454 after passage three times in animal-free media. DC454 is
parental to DC1032 and DC954.

[0198] One of ordinary skill in the art will appreciate that in embodiments, a host cell genomic
deletion or mutation (e.g., an inactivating or debilitating mutation) can be made by, e.g., allele
exchange, using a deletion plasmid carrying regions that flank the gene to be deleted, which does
not replicate in P. fluorescens. The deletion plasmid can be constructed by PCR amplifying the
gene to be deleted, including the upstream and downstream regions of the gene to be deleted.
The deletion can be verified by sequencing a PCR product amplified from genomic DNA using
analytical primers, observed after separation by electrophoresis in an agarose slab gel, followed
by DNA sequencing of the fragment. In embodiments, a gene is inactivated by complete
deletion, partial deletion, or mutation, e.g., frameshift, point, or insertion mutation.

[0199] In embodiments, a strain used in the context of the present invention has been
transformed with an FMO plasmid according to methods known in the art. The genotypes for
certain examples of recombinant protein expression strains and corresponding host cells useful
for expressing recombinant proteins according to the methods of the invention are set forth in
Table 10. In embodiments, a host cell equivalent to any host cell described in Table 4 is
transformed with an expression vector as described herein, to obtain an expression strain
equivalent to one described herein for expressing a recombinant protein of interest using the
methods of the invention. As described, appropriate expression strains can be similarly derived
according to methods set forth herein and in the literature.

[0200] Expression Systems

[0201] An appropriate bacterial expression system useful for producing the recombinant
protein of interest according to the present methods can be identified by one of skill in the art
based on the teachings herein. In some embodiments, an expression construct comprising a
nucleotide sequence encoding a recombinant protein of interest is provided as part of an
inducible expression vector. In embodiments, a host cell that has been transformed with the
expression vector is cultured, and expression of the recombinant protein of interest from the
expression vector is induced. The expression vector can be, for example, a plasmid. In
embodiments, the expression vector is a plasmid encoding a recombinant protein coding
sequence further comprising a selection marker, and the host cells are grown under selective
conditions that allow maintenance of the plasmid. In embodiments, the expression construct is
integrated into the host cell genome. In embodiments, the expression construct encodes a
recombinant protein of interest fused to a secretory signal that can direct the recombinant protein

of interest to the periplasm.
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[0202] Methods for expressing heterologous proteins, including useful regulatory sequences
(e.g., promoters, secretion signals, and ribosome binding sites), in host cells useful in the
methods of the present invention, are described in the literature, e.g., in U.S. Patent No.
7,618,799, “Bacterial leader sequences for increased expression,” in U.S. Pat. No. 7,985,564,
“Expression systems with Sec-system secretion,” in U.S. Pat. Nos. 9,394,571 and 9,580,719, U.S.
Pat. No. 9,458,487 and U.S. Pat. No. 9,453,251, U.S. Pat. No. 8,603,824, U.S. Pat. No.
8,530,171, “High level expression of recombinant toxin proteins,” U.S. Pat. No. 10,118,956, U.
S. Pat. No. 5,888,808, Bacterial polypeptide expression employing tryptophan promoter-
operator,” U. S. Pat. No. 9,534,217, “Method of creating a library of bacterial clones with
varying levels of gene expression,” and Vellanoweth, R L., and Rabinowitz, J. C., May 1992,
“The influence of ribosome-binding-site elements on translational efficiency in Bacillus subtilis
and Escherichia coli in vivo,” Molecular Microbiology 6(9):1105-1114, each incorporated herein
by reference in its entirety. In embodiments, a secretion leader used in the context of the present
invention is a secretion leader as disclosed in any of U.S. Pat. Nos. 7,618,799, 7,985,564,
9,394,571, 9,580,719, 9,453,251, 8,603,824, 8,530,171, and 10,118,956. These patents also
describe bacterial host strains useful in practicing the methods herein, that have been engineered
to overexpress folding modulators or wherein protease mutations have been introduced, in order
to increase heterologous protein expression.
[0203] Promoters used in accordance with the present invention may be constitutive promoters
or regulated promoters. Examples of inducible promoters include those of the family derived
from the lac promoter (i.e. the lacZ promoter), €.g., the fac and frc promoters described in U.S.
Pat. No. 4,551,433, “Microbial Hybrid Promoters,” incorporated herein by reference, as well as
Ptac16, Ptac17, Ptacll, PlacUVS5, and the T7lac promoter. In embodiments, the promoter is not
derived from the host cell organism. In embodiments, the promoter is derived from an £. coli
organism. In embodiments, a lac promoter is used to regulate expression of a recombinant
protein of interest from a plasmid. In the case of the lac promoter derivatives or family members,
e.g., the tac promoter, an inducer is IPTG (isopropyl-p-D-1-thiogalactopyranoside,
“isopropylthiogalactoside”). In embodiments, IPTG is added to the host cell culture to induce
expression of the recombinant protein of interest from a lac promoter in a Pseudomonas host cell
according to methods known in the art and described in the literature, e.g., in U.S. Pat. No.
9,458,487 and U.S. Pat. No. 9,453,251,
[0204] Examples of non-lac promoters useful in expression systems according to the present
invention include, Pr (induced by high temperature), PL (induced by high temperature), Pm (
induced by Alkyl- or halo-benzoates), Pu (induced by alkyl- or halo-toluenes), or Psa (induced by
salicylates), described in, e.g. J. Sanchez-Romero & V. De Lorenzo (1999) Manual of Industrial
80



WO 2022/261377 PCT/US2022/032911

Microbiology and Biotechnology (A. Demain & J. Davies, eds.) pp. 460-74 (ASM Press,
Washington, D.C.); H. Schweizer (2001) Current Opinion in Biotechnology, 12:439-445; and R.
Slater & R. Williams (2000 Molecular Biology and Biotechnology (J. Walker & R. Rapley, eds.)
pp. 125-54 (The Royal Society of Chemistry, Cambridge, UK). A promoter having the
nucleotide sequence of a promoter native to the selected bacterial host cell also may be used to
control expression of the expression construct encoding the polypeptide of interest, e.g, a
Pseudomonas anthranilate or benzoate operon promoter (Pant, Pben). Tandem promoters may
also be used in which more than one promoter is covalently attached to another, whether the
same or different in sequence, e.g., a Pant-Pben tandem promoter (interpromoter hybrid) or a
Plac-Plac tandem promoter, derived from the same or different organisms. In embodiments, the
promoter is Pmtl, as described in, e.g., U.S. Pat. Nos. 7,476,532, and 8,017,355, both titled
“Mannitol induced promoter systems in bacterial host cells,” incorporated by reference herein in
their entirety.

[0205] Regulated (inducible) promoters utilize promoter regulatory proteins in order to control
transcription of the gene of which the promoter is a part. Where a regulated promoter is used
herein, a corresponding promoter regulatory protein will also be part of an expression system
according to the present invention. Examples of promoter regulatory proteins include: activator
proteins, e.g., F. coli catabolite activator protein, MalT protein; AraC family transcriptional
activators; repressor proteins, e.g., £. coli Lad proteins; and dual-function regulatory proteins,
e.g., E. coli NagC protein. Many regulated-promoter/promoter-regulatory-protein pairs are
known in the art. In some embodiments, a promoter used to transcribe a gene encoding a
recombinant protein of interest produced using the present compositions and methods is selected
from: a tac promoter, a mannitol promoter, a Pben, a T7 promoter, a lac promoter, a TS promoter,
a xylose promoter, a Trp promoter, and an arabinose promoter. When more than one expression
construct is used to produce the recombinant protein of interest, more than one different promoter
may be used.

[0206] Promoter regulatory proteins interact with an effector compound, i.e., a compound that
reversibly or irreversibly associates with the regulatory protein so as to enable the protein to
either release or bind to at least one DNA transcription regulatory region of the gene that is under
the control of the promoter, thereby permitting or blocking the action of a transcriptase enzyme
in initiating transcription of the gene. Effector compounds are classified as either inducers or co-
repressors, and these compounds include native effector compounds and gratuitous inducer
compounds. Many regulated-promoter/promoter-regulatory-protein/effector-compound trios are
known in the art. Although an effector compound can be used throughout the cell culture or
fermentation, in a preferred embodiment in which a regulated promoter is used, after growth of a
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desired quantity or density of host cell biomass, an appropriate effector compound is added to the
culture to directly or indirectly result in expression of the desired gene(s) encoding the
recombinant protein of interest.

[0207] In embodiments wherein a lac family promoter is utilized, a /ac/ gene can also be present
in the system. The /acl gene, which is normally a constitutively expressed gene, encodes the Lac
repressor protein Lacl protein, which binds to the lac operator of /ac family promoters. Thus,
where a lac family promoter is utilized, the lac gene can also be included and expressed in the
expression system.

[0208] Expression Vectors

[0209] At least one nucleic acid sequence encoding a recombinant protein of interest can be
introduced into a suitable expression vector(s) to produce either the recombinant protein of
interest, an overexpressed protein, e.g., a chaperone, folding modulator, or inactivated protease as
described herein, or both the recombinant protein of interest, and the overexpressed protein may
be produced using the same expression vector. The expression vector can be a plasmid. An
expression vector may be selected for use in the context of the present invention by one of skill in
the art as desired and appropriate, from commercially available expression vectors. In some
embodiments, a plasmid encoding a recombinant protein of interest can comprise a selection
marker, and host cells maintaining the plasmid can be grown under selective conditions. In some
embodiments, the plasmid does not comprise a selection marker. In some embodiments, the
expression vector is integrated into the host cell genome. In some embodiments, the expression
vector encodes a recombinant protein of interest fused to a secretion signal that can direct the
expressed recombinant protein of interest to the periplasm. In some embodiments, the expression
vector encodes a recombinant protein of interest fused to a secretion signal that can direct the
expressed recombinant protein of interest to the cytoplasm. In some embodiments, an expression
vector encodes a Fab’, e.g., an anti-TNF-alpha Fab’, fused to a periplasmic secretion signal that
can direct the expressed Fab’ to the periplasm.

[0210] Recombinant proteins of interest that can be produced using the present compositions
and methods are described herein. Amino acid sequences of recombinant proteins of interest,
and potential coding sequences, may readily be obtained by those of skill in the art. The amino
acid sequences of the heavy and light chains of an anti-TNF-alpha Fab’, and examples of
nucleotide sequences encoding the Fab’, are provided in Table 14, the Table of Sequences,
herein.

Other Regulatory Elements

[0211] In some embodiments, other regulatory elements are present in the expression construct
encoding the recombinant protein of interest. In embodiments, the soluble recombinant protein
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of interest is present in either the cytoplasm or periplasm of the cell during production. Secretion
leaders useful for targeting a recombinant protein of interest to either compartment are described
herein. In embodiments, an expression construct of the present invention encodes a recombinant
protein of interest fused to a secretion signal that can transport the recombinant protein of interest
to the cytoplasm of a Pseudomonad cell. In embodiments, an expression construct encodes a
recombinant protein of interest fused to a secretion leader that can transport a recombinant
protein of interest to the periplasm of a Pseudomonad cell. In embodiments, the secretion leader
1s cleaved from the recombinant protein of interest.

[0212] Other elements include, but are not limited to, transcriptional enhancer sequences,
translational enhancer sequences, other promoters, activators, translational start and stop signals,
transcription terminators, cistronic regulators, polycistronic regulators, tag sequences, such as
nucleotide sequence tags and tag polypeptide coding sequences, which facilitate identification,
separation, purification, and/or isolation of an expressed polypeptide, as previously described. In
some embodiments, the expression construct includes, in addition to the protein coding sequence,
any of the following regulatory elements operably linked thereto: a promoter, a ribosome binding
site (RBS), a transcription terminator, and translational start and stop signals. Useful RBSs can
be obtained from any of the species useful as host cells in expression systems according to, e.g.,
U.S. Pat. No. 10,118,956 and U.S. 9,580,719, previously referenced. Many RBSs are known,
e.g., those described in and referenced by D. Frishman et al., Gene 234(2):257-65 (8 Jul. 1999);
and B. E. Suzek et al., Bioinformatics 17(12):1123-30 (December 2001), incorporated herein by
reference. In addition, either native or synthetic RBSs may be used, e.g., those described in: EP
0207459 (synthetic RBSs); O. Ikehata et al., Eur. J. Biochem. 181(3):563-70 (1989). In some
embodiments, a “Hi” ribosome binding site, aggagg, (SEQ ID NO: 59) is used in the construct.
Ribosome binding sites, including the optimization of spacing between the RBS and translation
initiation codon, are described in the literature, e.g., by Chen, et al., 1994, “Determination of the
optimal aligned spacing between the Shine-Dalgarno sequence and the translation initiation
codon of Escherichia coli mRNAs,” Nucleic Acids Research 22(23):4953-4957, and Ma, et al.,
2002, “Correlations between Shine-Dalgarno Sequences and Gene Features Such as Predicted
Expression Levels and Operon Structures,” J. Bact. 184(20): 5733-45, incorporated herein by
reference.

[0213] Further examples of methods, vectors, and translation and transcription elements, and
other elements useful in the present invention are well known in the art and described in, e.g.:
U.S. Pat. No. 5,055,294 to Gilroy and U.S. Pat. No. 5,128,130 to Gilroy et al.; U.S. Pat. No.
5,281,532 to Rammler et al.; U.S. Pat. Nos. 4,695,455 and 4,861,595 to Barnes et al.; U.S. Pat.

83



WO 2022/261377 PCT/US2022/032911

No. 4,755,465 to Gray et al.; and U.S. Pat. No. 5,169,760 to Wilcox, all incorporated herein by
reference, as well as in other publications incorporated herein by reference.

Secretion Leader Sequences

[0214] In embodiments, a secretion signal or leader coding sequence is fused to the N-terminus
of the sequence encoding the recombinant protein of interest. Use of secretion signal sequences
can increase production of recombinant proteins in bacteria. Additionally, many types of
proteins require secondary modifications that are inefficiently achieved using known methods.
Secretion leader utilization can increase the harvest of properly folded proteins by secreting the
protein from the intracellular environment. In gram-negative bacteria, a protein secreted from
the cytoplasm can end up in the periplasmic space, attached to the outer membrane, or in the
extracellular broth. These methods may avoid formation of inclusion bodies. Secretion of
proteins into the periplasmic space also has the effect of facilitating proper disulfide bond
formation (Bardwell et al., 1994, Phosphate Microorg, Chapter 45, 270-5, and Manoil, 2000,
Methods in Enzymol. 326:35-47). Other benefits of secretion of recombinant protein include
more efficient isolation of the protein, proper folding and disulfide bond formation of the protein
leading to an increase in yield represented by, e.g., the percentage of the protein in active form,
reduced formation of inclusion bodies and reduced toxicity to the host cell, and an increased
percentage of the recombinant protein in soluble form. The potential for excretion of the protein
of interest into the culture medium can also potentially promote continuous, rather than batch,
culture for protein production. Secretion signals are described, e.g., in U.S. Patent No.
7,618,799,” U.S. Pat. No. 7,985,564, and U.S. Pat. App. Pub. No. 2019/0127744, “Bacterial
leader sequences for periplasmic protein expression,” each incorporated herein by reference in its
entirety, as well as by U.S. Pat. No. 10,118,956.

[0215] In some embodiments, the recombinant protein of interest is targeted to the periplasm of
the host cell or into the extracellular space. In some embodiments, the expression vector further
comprises a nucleotide sequence encoding a secretion signal polypeptide operably linked to the
nucleotide sequence encoding the recombinant protein of interest.

[0216] Codon Optimization

[0217] The present invention contemplates the use of any appropriate coding sequence for the
recombinant protein of interest, including any sequence that has been optimized for expression in
the host cell being used. A nucleic acid sequence encoding the recombinant protein of interest
may be codon-optimized to improve expression in the recombinant gram-negative bacterial host
cell, as understood by one of skill in the art. For example, optimization of codons for expression
in a Pseudomonas host strain is described, e.g., in U.S. Pat. App. Pub. No. 2007/0292918,
“Codon Optimization Method,” incorporated herein by reference in its entirety. Codon
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optimization for expression in E. coli is described, e.g., by Welch, et al., 2009, PLoS One,
“Design Parameters to Control Synthetic Gene Expression in Escherichia coli, 4(9): €7002,
incorporated by reference herein. It is understood that any suitable sequence encoding a
recombinant protein of interest can be generated as desired according to methods well known by
those of skill in the art.

[0218] Expression Constructs

[0219] An appropriate expression construct for producing a recombinant protein of interest
according to the methods of the invention may be selected by one of skill in the art in view of the
present disclosure.

[0220] In some embodiments, a recombinant protein of interest produced in a recombinant gram-
negative host cell of the present invention is encoded by an expression vector comprising at least
one expression construct encoding the recombinant protein of interest, wherein the expression
construct comprises at least one nucleic acid sequence encoding the recombinant protein of
interest. In some embodiments, at least two nucleic acid sequences encoding the recombinant
protein of interest are transcribed from the same promoter (co-transcribed). In some
embodiments at least two nucleic acid sequences encoding the recombinant protein of interest are
transcribed from different promoters (not co-transcribed). When not co-transcribed, each of the
least two nucleic acid sequences encoding the at least two nucleic acid sequences encoding the
recombinant protein of interest may be produced from the same expression vector or separate
expression vectors. In some embodiments, a nucleic acid sequence encoding a recombinant
protein of interest is operably linked to a nucleic acid sequence encoding a secretion signal. In
some embodiments, each of at least two nucleic acid sequences encoding a recombinant protein
of interest is individually operably linked to a nucleic acid sequence encoding the same or
different secretion signal. In some embodiments, each nucleic acid sequence encoding a
recombinant protein of interest in a host cell is individually operably linked to a nucleic acid
sequence independently selected from the periplasmic secretion signals having the amino acid
sequence set forth as: SEQ ID NO: 11, 13, 25, or 26.

[0221] In some embodiments, a recombinant gram-negative bacterial host cell of the present
invention is transformed with expression vector(s) comprising the at least one expression
construct encoding the recombinant protein of interest. In some embodiments, the transformed
recombinant gram-negative bacterial host cell is deficient in a tail-specific protease activity, and
a Mep! endopeptidase activity. In some embodiments, the transformed recombinant gram-
negative bacterial host cell is further: optionally deficient in at least one additional protease
activity, optionally deficient in at least one autolytic factor activity, optionally overexpresses one
or more inactivated protease, optionally overexpresses one or more chaperone or folding
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modulator, optionally has a functional MepS1 protease, and optionally has a functional MepS2
protease, each as described elsewhere herein in detail. In some embodiments, the transformed
recombinant gram-negative bacterial host cell is selected from: a Pseudomonad host cell; an E.
coli host cell; an Erwinia host cell, a Salmonella host cell, a Shigella host cell, a Moraxella host
cell, a Helicobacter host cell, a Legionella host cell, a Neisseria host cell, a Haemophilus host
cell, a Acinetobacter host cell, a Bacteroides host cell, a Xylella host cell, a Citrobacter host cell,
an Enterobacter host cell, a Klebsiella host cell, a Yersinia host cell, a Serratia host cell, a
Proteus host cell, and a Vibrio host cell. In some embodiments, the Pseudomonad host cell is a
Pseudomonas host cell. In some embodiments, the Pseudomonas host cell is P. fluorescens, P.
putida, or P. aeruginosa.

[0222] In some embodiments, the recombinant gram-negative bacterial host cell transformed
with expression vector(s) comprising the at least one expression construct encoding the
recombinant protein of interest is: (i) Isc::1acIQ1; (ii) Prc1 deficient; (ii) Prc2 deficient; (iii) HslU
deficient; (iv) HslV deficient; (v) MepM1 deficient; and (vi) PyrF deficient; wherein the host cell
is optionally deficient in a serralysin precursor that is: a serralysin precursor having the amino
acid sequence set forth as SEQ ID NO: 9; a homologue of the serralysin precursor having the
amino acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor related protein having
at least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID
NO: 9; optionally overexpresses a DsbC; optionally overexpresses an inactivated DegP2; and
optionally overexpresses a PDIAG.

[0223] In some embodiments, a recombinant protein or polypeptide of interest is produced in a
recombinant gram-negative bacterial host cell that is any one of strains STR92557, STR87639,
STR92567, STR94974, STR94975, STR94976, and STR94977. In some embodiments, the
recombinant protein or polypeptide of interest is produced in a recombinant gram-negative
bacterial host cell that has the genotype (genomic modifications) of, and/or has the protease
deficiency, inactivated protease, and folding modulator overexpression profile of, any one of
strains STR92557, STR87639, STR92567, STR94974, STR94975, STR94976, and STR94977.
In some embodiments, the recombinant protein or polypeptide of interest is produced in a
recombinant gram-negative bacterial host cell that has the genotype of, and/or has the protease
deficiency, inactivated protease, and folding modulator overexpression profile of, STR94975,
STR94976, or STR94977.

[0224] In some embodiments, an antibody to be produced in a recombinant gram-negative host
cell of the present invention is encoded by an expression vector comprising at least one
expression construct encoding the antibody, wherein the expression construct comprises at least
two nucleic acid sequences encoding a heavy chain and at least two nucleic acid sequences
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encoding a light chain. In some embodiments two or more of the at least two nucleic acid
sequences encoding the heavy chain and the at least two nucleic acid sequence encoding the light
chain are transcribed from the same promoter (co-transcribed). In some embodiments the at least
two nucleic acid sequences encoding a heavy chain and the at least two nucleic acid sequences
encoding the light chain are transcribed from different promoters (not co-transcribed). When not
co-transcribed, each of the at least two nucleic acid sequence encoding the antibody heavy chain
and the at least two nucleic acid sequences encoding the antibody light chain may be produced
from the same expression vector or multiple expression vectors. In some embodiments, each
heavy chain encoding nucleic acid sequence and each light chain encoding nucleic acid sequence
is individually operably linked to a nucleic acid sequence encoding a periplasmic secretion
signal, resulting in a secretion signal-heavy chain fusion and a secretion signal-light chain fusion.
In some embodiments, each heavy chain encoding nucleic acid sequence is operably linked to a
nucleic acid sequence encoding a periplasmic secretion signal having the amino acid sequence
set forth as SEQ ID NO: 11. In some embodiments, each light chain encoding nucleic acid
sequence is operably linked to a nucleic acid sequence encoding a periplasmic secretion signal
having the amino acid sequence set forth as SEQ ID NO: 13.

[0225] In some embodiments, a recombinant gram-negative bacterial host cell of the present
invention is transformed with expression vector(s) comprising the at least one expression
construct encoding the antibody. In some embodiments, the transformed recombinant gram-
negative bacterial host cell is deficient in a tail-specific protease activity, and a Mepl
endopeptidase activity. In some embodiments, the transformed recombinant gram-negative
bacterial host cell is further: optionally deficient in at least one additional protease activity,
optionally deficient in at least one autolytic factor activity, optionally overexpresses one or more
inactivated protease, optionally overexpresses one or more chaperone or folding modulator,
optionally has a functional MepS1 protease, and optionally has a functional MepS2 protease,
each as described elsewhere herein in detail. In some embodiments, the transformed
recombinant gram-negative bacterial host cell is selected from: a Pseudomonad host cell; an E.
coli host cell; an Erwinia host cell, a Salmonella host cell, a Shigella host cell, a Moraxella host
cell, a Helicobacter host cell, a Legionella host cell, a Neisseria host cell, a Haemophilus host
cell, a Acinetobacter host cell, a Bacteroides host cell, a Xylella host cell, a Citrobacter host cell,
an Enterobacter host cell, a Klebsiella host cell, a Yersinia host cell, a Serratia host cell, a
Proteus host cell, and a Vibrio host cell. In some embodiments, the Pseudomonad host cell is a
Pseudomonas host cell. In some embodiments, the Pseudomonas host cell is P. fluorescens, P.
putida, or P. aeruginosa. In some embodiments, the transformed recombinant gram-negative
bacterial host cell is not an £. coli host cell.
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[0226] In some embodiments, the recombinant gram-negative bacterial host cell transformed
with expression vector(s) comprising the at least one expression construct encoding the antibody
is: (1) Isc::1aclQl; (i) Prcl deficient; (ii) Prc2 deficient; (iii) HslU deficient; (iv) HslV deficient;
(v) MepM1 deficient; (vi) PyrF deficient; wherein the host cell is optionally deficient in a
serralysin precursor that is: a serralysin precursor having the amino acid sequence set forth as
SEQ ID NO: 9; a homologue of the serralysin precursor having the amino acid sequence set forth
as SEQ ID NO: 9; or a serralysin precursor related protein having at least 60% similarity or at
least 60% identity to the amino acid sequence set forth as SEQ ID NO: 9; optionally
overexpresses a DsbC; optionally overexpresses an inactivated DegP2; and optionally
overexpresses a PDIA6.

[0227] In some embodiments, an antibody is produced in a recombinant gram-negative bacterial
host cell that is any one of strains STR92557, STR87639, STR92567, STR94974, STR94975,
STR94976, and STR94977. In some embodiments, the antibody is produced in a recombinant
gram-negative bacterial host cell that has the genotype of, and/or has the protease deficiency,
inactivated protease, and folding modulator overexpression profile of, any one of strains
STR92557, STR87639, STR92567, STR94974, STR94975, STR94976, and STR94977. In some
embodiments, the antibody is produced in a recombinant gram-negative bacterial host cell that
has the genotype of, and/or has the protease deficiency, inactivated protease, and folding
modulator overexpression profile of, STR94975, STR94976, and STR94977.

[0228] In some embodiments, a Fab or Fab’, e.g., a human TNF-alpha Fab’, to be produced in a
recombinant gram-negative host cell of the present invention is encoded by an expression vector
comprising at least one expression construct encoding the Fab or Fab’, wherein the expression
construct comprises at least one nucleic acid sequence encoding a heavy chain and at least one
nucleic acid sequence encoding a light chain. In some embodiments, the heavy chain has the
amino acid sequence set forth as SEQ ID NO: 21, and the light chain has the amino acid
sequence set forth as SEQ ID NO: 23. In some embodiments the at least one nucleic acid
sequence encoding a heavy chain and the at least one nucleic acid sequence encoding a light
chain are transcribed from the same promoter (co-transcribed). In some embodiments the at least
one nucleic acid sequence encoding a heavy chain and the at least one nucleic acid sequence
encoding a light chain are transcribed from different promoters (not co-transcribed). When not
co-transcribed, the at least one nucleic acid sequence encoding the Fab or Fab’ heavy chain and
the at least one nucleic acid sequence encoding the Fab or Fab’ light chain may be produced from
the same expression vector or separate expression vectors. In some embodiments, each heavy
chain encoding nucleic acid sequence and each light chain encoding nucleic acid sequence is
individually operably linked to a nucleic acid sequence encoding a periplasmic secretion signal,
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resulting in a secretion signal-heavy chain fusion and a secretion signal-light chain fusion. In
some embodiments, each Fab or Fab’ heavy chain encoding nucleic acid sequence is operably
linked to a nucleic acid sequence encoding a periplasmic secretion signal having the amino acid
sequence set forth as SEQ ID NO: 11. In some embodiments, each Fab or Fb’ light chain
encoding nucleic acid sequence is operably linked to a nucleic acid sequence encoding a
periplasmic secretion signal having the amino acid sequence set forth as SEQ ID NO: 13. In
some embodiments, a human TNF-alpha Fab’ secretion signal-heavy chain fusion has the amino
acid sequence set forth as SEQ ID NO: 25, and a human TNF-alpha Fab’ secretion signal-light
chain fusion has the amino acid sequence set forth as SEQ ID NO: 26.

[0229] In some embodiments, the recombinant protein or polypeptide of interest is produced in a
recombinant gram-negative bacterial host cell that has the following genotype: Aprcl, Aprc2,
AhslU, AhslV, AmepM1, ARXF04495 2, ApyrF, and Isc::lacI?!. In some embodiments, the
recombinant protein or polypeptide of interest is an anti-TNF-alpha Fab’, and the host cell further
comprises a plasmid comprising expression constructs selected from:

a) a nucleic acid sequence encoding an anti-TNF-alpha Fab’ heavy chain (HC) having the
amino acid sequence set forth as SEQ ID NO: 21, a nucleic acid sequence encoding an anti-TNF-
alpha Fab’ light chain (LC) having the amino acid sequence set forth as SEQ ID NO: 23, wherein
the anti-TNF-alpha Fab’ HC and the anti-TNF-alpha Fab’ LC are co-transcribed, and a nucleic
acid sequence encoding PyrF;

b) a nucleic acid sequence encoding an anti-TNF-alpha Fab” HC having the amino acid
sequence set forth as SEQ ID NO: 21, a nucleic acid sequence encoding an anti-TNF-alpha Fab’
LC having the amino acid sequence set forth as SEQ ID NO: 23, wherein the anti-TNF-alpha
Fab’ HC and the anti-TNF-alpha Fab’ LC are co-transcribed, a nucleic acid sequence encoding
DegP2 S219A having the amino acid sequence set forth as SEQ ID NO: 29, and a nucleic acid
sequence encoding PyrF;

¢) a nucleic acid sequence encoding an anti-TNF-alpha Fab’ HC having the amino acid
sequence set forth as SEQ ID NO: 21, a nucleic acid sequence encoding an anti-TNF-alpha Fab’
LC having the amino acid sequence set forth as SEQ ID NO: 23, and a nucleic acid sequence
encoding DegP2 S219A having the amino acid sequence set forth as SEQ ID NO: 29, wherein
the anti-TNF-alpha Fab’ HC, the anti-TNF-alpha Fab’ LC, and DegP2 S219A are co-transcribed,
and a nucleic acid sequence encoding PyrF; and

d) a nucleic acid sequence encoding an anti-TNF-alpha Fab’ HC having the amino acid
sequence set forth as SEQ ID NO: 21, a nucleic acid sequence encoding an anti-TNF-alpha Fab’
LC having the amino acid sequence set forth as SEQ ID NO: 23, and a nucleic acid sequence
encoding PDIA6 having the amino acid sequence set forth as SEQ ID NO: 27, wherein the anti-
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TNF-alpha Fab’ HC, the anti-TNF-alpha Fab’ LC, and PDIAG are co-transcribed, and a nucleic
acid sequence encoding PyrF.

[0230] In some embodiments, the recombinant protein or polypeptide of interest is an anti-TNF-
alpha Fab’, and the host cell further comprises a plasmid comprising expression constructs
selected from:

a) a nucleic acid sequence encoding a secretion leader-anti-TNF-alpha Fab’ heavy chain
(HC) fusion having the amino acid sequence set forth as SEQ ID NO: 25, a nucleic acid sequence
encoding a secretion leader-anti-TNF-alpha Fab’ light chain (LC) fusion having the amino acid
sequence set forth as SEQ ID NO: 26, wherein the secretion leader-anti-TNF-alpha Fab” HC
fusion and the secretion leader-anti-TNF-alpha Fab’ LC fusion are co-transcribed, and a nucleic
acid sequence encoding PyrF;

b) a nucleic acid sequence encoding a secretion leader-anti-TNF-alpha Fab’ HC fusion
having the amino acid sequence set forth as SEQ ID NO: 25, a nucleic acid sequence encoding a
secretion leader-anti-TNF-alpha Fab’ LC fusion having the amino acid sequence set forth as SEQ
ID NO: 26, wherein the secretion leader-anti-TNF-alpha Fab’ HC fusion and the secretion leader-
anti-TNF-alpha Fab’ LC fusion are co-transcribed, a nucleic acid sequence encoding DegP2
S219A having the amino acid sequence set forth as SEQ ID NO: 29, and a nucleic acid sequence
encoding PyrF;

¢) a nucleic acid sequence encoding a secretion leader-anti-TNF-alpha Fab’ HC fusion
having the amino acid sequence set forth as SEQ ID NO: 25, a nucleic acid sequence encoding a
secretion leader-anti-TNF-alpha Fab’ LC fusion having the amino acid sequence set forth as SEQ
ID NO: 26, and a nucleic acid sequence encoding DegP2 S219A having the amino acid sequence
set forth as SEQ ID NO: 29, wherein the secretion leader-anti-TNF-alpha Fab’ HC fusion, the
secretion leader-anti-TNF-alpha Fab’ LC fusion, and DegP2 S219A are co-transcribed, and a
nucleic acid sequence encoding PyrF; and

d) a nucleic acid sequence encoding a secretion leader-anti-TNF-alpha Fab’ HC fusion
having the amino acid sequence set forth as SEQ ID NO: 25, a nucleic acid sequence encoding a
secretion leader-anti-TNF-alpha Fab’ LC fusion having the amino acid sequence set forth as SEQ
ID NO: 26, and a nucleic acid sequence encoding PDIA6 having the amino acid sequence set
forth as SEQ ID NO: 27, wherein the secretion leader-anti-TNF-alpha Fab’ HC fusion, the
secretion leader-anti-TNF-alpha Fab’ LC fusion, and PDIA6 are co-transcribed, and a nucleic
acid sequence encoding PyrF.

[0231] In some embodiments, a recombinant gram-negative bacterial host cell of the present
invention is transformed with expression vector(s) comprising the at least one expression
construct encoding the Fab or Fab’. In some embodiments, the transformed recombinant gram-
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negative bacterial host cell is deficient in a tail-specific protease activity, and a Mepl
endopeptidase activity. In some embodiments, the transformed recombinant gram-negative
bacterial host cell is further: optionally deficient in at least one additional protease activity,
optionally deficient in at least one autolytic factor activity, optionally overexpresses one or more
inactivated protease, optionally overexpresses one or more chaperone or folding modulator,
optionally has a functional MepS1 protease, and optionally has a functional MepS2 protease,
each as described elsewhere herein in detail. In some embodiments, the transformed
recombinant gram-negative bacterial host cell is selected from: a Pseudomonad host cell; an E.
coli host cell; an Erwinia host cell, a Salmonella host cell, a Shigella host cell, a Moraxella host
cell, a Helicobacter host cell, a Legionella host cell, a Neisseria host cell, a Haemophilus host
cell, a Acinetobacter host cell, a Bacteroides host cell, a Xylella host cell, a Citrobacter host cell,
an Enterobacter host cell, a Klebsiella host cell, a Yersinia host cell, a Serratia host cell, a
Proteus host cell, and a Vibrio host cell. In some embodiments, the Pseudomonad host cell is a
Pseudomonas host cell. In some embodiments, the Pseudomonas host cell is P. fluorescens, P.
putida, or P. aeruginosa. In some embodiments, the transformed recombinant gram-negative
bacterial host cell is not an £. coli host cell.
[0232] In some embodiments, the recombinant gram-negative bacterial host cell transformed
with expression vector(s) comprising the at least one expression construct encoding the Fab or
Fab’, e.g., an anti-TNF Fab’, is: (i) Isc::lacIQ1; (ii) Prcl deficient; (ii) Prc2 deficient; (iii) HslU
deficient; (iv) HslV deficient; (v) MepM1 deficient; (vi) PyrF deficient, wherein the host cell is
optionally deficient in a serralysin precursor that is: a serralysin precursor having the amino acid
sequence set forth as SEQ ID NO: 9; a homologue of the serralysin precursor having the amino
acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor related protein having at least
60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 9;
optionally overexpresses a DsbC; optionally overexpresses an inactivated DegP2; and optionally
overexpresses a PDIAG.
[0233] In some embodiments, the recombinant gram-negative bacterial host cell is any one of
strains STR92557, STR87639, STR92567, STR94974, STR94975, STR94976, and STR94977.
In some embodiments, the recombinant gram-negative bacterial host cell that the genotype
(genomic modifications) of, and/or has the protease deficiency, inactivated protease, and folding
modulator overexpression profile of, any one of strains STR92557, STR87639, STR92567,
STR94974, STR94975, STR94976, and STR94977. In some embodiments, the recombinant
gram-negative bacterial host cell that has the genotype of, and/or has the protease deficiency,
inactivated protease, and folding modulator overexpression profile of, STR94975, STR94976, or
STR94977.
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[0234] In some embodiments, the recombinant gram-negative bacterial host cell has a genotype
of, has the protease deficiency, inactivated protease, and folding modulator overexpression
profile of, and comprises the at least one expression construct encoding an anti-TNF Fab’ of
expression strain STR92557, STR87639, STR92567, STR94974, STR94975, STR94976, or
STR94977. In some embodiments, the recombinant gram-negative bacterial host cell has a
genotype of, has the protease deficiency, inactivated protease, and folding modulator
overexpression profile of, and comprises the at least one expression construct encoding an anti-
TNF Fab’ of expression strain STR94975, STR94976, or STR94977.
[0235] In some embodiments, a recombinant protein of interest, an antibody, a Fab or Fab’, or an
anti-TNF Fab’ is produced according to the methods described herein, in a recombinant gram-
negative bacterial host cell that has a genotype of, and/or has the protease deficiency, inactivated
protease, and folding modulator overexpression profile of, expression strain STR92557,
STR87639, STR92567, STR94974, STR94975, STR94976, or STR94977. In some
embodiments, an anti-TNF Fab’ is produced according to methods described herein, in a
recombinant gram-negative bacterial host cell that has a genotype of, and has the protease
deficiency, inactivated protease, and folding modulator overexpression profile of expression
strain STR94975, STR94976, or STR94977, and comprises the at least one expression construct
encoding the anti-TNF Fab’, e.g., an anti-TNF Fab’ having the heavy chain sequence as set forth
in SEQ ID NO: 25 and the light chain sequence as set forth in SEQ ID NO: 26. In some
embodiments, the Fab’ expression construct is that of an expression strain selected from:
STR92557, STR87639, STR92567, STR94974, STR94975, STR94976, and STR94977. In some
embodiments, the anti-TNF Fab’ produced from a host strain of the present invention is produced
in soluble, active, and/or intact form at a titer of about 0.2 to about 5 g/L.
[0236] Fermentation Format
[0237] A recombinant protein of interest may be produced using the methods as described
herein, by culturing the recombinant gram-negative bacterial host cells transformed with a
plasmid encoding the recombinant protein of interest (an expression strain) under suitable
fermentation conditions. Any fermentation format, e.g., a batch, fed-batch, semi-continuous, or
continuous fermentation mode, may be employed.
[0238] The fermentation medium may be selected from rich media, minimal media, and
mineral salts media. In some embodiments, a minimal medium or a mineral salts medium is
selected. In some embodiments, a mineral salts medium is selected.
[0239] Mineral salts media consists of mineral salts and a carbon source such as, e.g., glucose,
sucrose, or glycerol. Examples of mineral salts media include, e.g., M9 medium, Pseudomonas
medium (ATCC 179), and Davis and Mingioli medium (see, Davis, B. D., and Mingioli, E. S,
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1950, J. Bact. 60:17-28). The mineral salts used to make mineral salts media include those
selected from among, e.g., potassium phosphates, ammonium sulfate or chloride, magnesium
sulfate or chloride, and trace minerals such as calcium chloride, borate, and sulfates of iron,
copper, manganese, and zinc. Typically, no organic nitrogen source, such as peptone, tryptone,
amino acids, or a yeast extract, is included in a mineral salts medium. Instead, an inorganic
nitrogen source is used and this may be selected from among, e.g., ammonium salts, aqueous
ammonia, and gaseous ammonia. A mineral salts medium will typically contain glucose or
glycerol as the carbon source. In comparison to mineral salts media, minimal media can also
contain mineral salts and a carbon source, but can be supplemented with, e.g., low levels of
amino acids, vitamins, peptones, or other ingredients, though these are added at very minimal
levels. Suitable media for use in the methods of the present invention can be prepared using
methods described in the literature, e.g., in U.S. Pat. No. 9,458,487 and U.S. Pat. No. 9,453,251.
Details of cultivation procedures and mineral salts media useful in the methods of the present
invention are described by Riesenberg, D et al., 1991, “High cell density cultivation of
Escherichia coli at controlled specific growth rate,” J. Biotechnol. 20 (1):17-27, incorporated by
reference herein.

[0240] In embodiments, production can be achieved in bioreactor cultures. Cultures can be
grown in, e.g., up to 2 L bioreactors containing a mineral salts medium, and maintained at 32 °C
and pH 6.5 through the addition of ammonia. Dissolved oxygen can be maintained in excess
through increases in agitation and flow of sparged air and oxygen into the fermentor. Glycerol
can be delivered to the culture throughout the fermentation to maintain excess levels. In
embodiments, these conditions are maintained until a target culture cell density, e.g., an optical
density of 575 nm (A575), for induction is reached and IPTG is added to initiate the target
protein production. It is understood that the cell density at induction, the concentration of IPTG,
pH, temperature, CaCl concentration, dissolved oxygen flow rate, each can be varied to
determine optimal conditions for expression. In embodiments, cell density at induction can be
varied from As7s of 40 to 200 absorbance units (AU). IPTG concentrations can be varied in the
range from 0.02 to 1.0 mM, pH from 5 to 7.5, temperature from 20 to 35° C, CaClz concentration
from 0 to 0.5 g/L, and the dissolved oxygen flow rate from 1 LPM (liters per minute) to 10 LPM.
After 6-96 hours, the culture from each bioreactor can be harvested by centrifugation and the cell
pellet frozen at —80° C. Samples can then be analyzed, e.g., by SDS-CGE, for product
formation.

[0241] Fermentation may be performed at any scale. The expression systems according to the

present invention are useful for recombinant protein expression at any scale. Thus, e.g.,
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microliter-scale, milliliter scale, centiliter scale, and deciliter scale fermentation volumes may be
used, and 1 Liter scale and larger fermentation volumes can be used.

[0242] In embodiments, the fermentation volume is at or above about 1 Liter. In embodiments,
the fermentation volume is about 1 Liter to about 100 Liters. In embodiments, the fermentation
volume is about 1 Liter, about 2 Liters, about 3 Liters about 4 Liters, about 5 Liters, about 6
Liters, about 7 Liters, about 8 Liters, about 9 Liters, or about 10 Liters. In embodiments, the
fermentation volume is about 1 Liter to about 5 Liters, about 1 Liter to about 10 Liters, about 1
Liter to about 25 Liters, about 1 Liter to about 50 Liters, about 1 Liter to about 75 Liters, about
10 Liters to about 25 Liters, about 25 Liters to about 50 Liters, or about 50 Liters to about 100
Liters. In other embodiments, the fermentation volume is at or above 5 Liters, 10 Liters, 15
Liters, 20 Liters, 25 Liters, 50 Liters, 75 Liters, 100 Liters, 200 Liters, 250 Liters, 300 Liters, 500
Liters, 1,000 Liters, 2,000 Liters, 5,000 Liters, 10,000 Liters, or 50,000 Liters.

[0243] In general, the amount of a recombinant protein yielded by a larger culture volume, e.g.,
a 50 mL shake-flask culture, a 1 liter culture, or greater, is increased relative to that observed in a
smaller culture volume, e.g, a 0.5 mL high-throughput screening culture. This can be due to not
only the increase in culture size but, e.g., the ability to grow cells to a higher density in large-
scale fermentation (e.g., as reflected by culture absorbance). For example, the volumetric yield
from the same strain can increase up to ten-fold from HTP scale to large-scale fermentation. In
embodiments, the volumetric yield observed for the same expression strain is 2-fold to 10-fold
greater following large-scale fermentation than HTP scale growth. In embodiments, the yield
observed for the same expression strain is 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-
fold, 2-fold to 10-fold, 2-fold to 9-fold, 2-fold to 8-fold, 2-fold to 7-fold, 2-fold to 6-fold, 2-fold
to 5-fold, 2-fold to 4-fold, 2-fold to 3-fold, 3-fold to 10-fold, 3-fold to 9-fold, 3-fold to 8-fold, 3-
fold to 7-fold, 3-fold to 6-fold, 3-fold to 5-fold, 3-fold to 4-fold, 4-fold to 10-fold, 4-fold to 9-
fold, 4-fold to 8-fold, 4-fold to 7-fold, 4-fold to 6-fold, 4-fold to 3-fold, 5-fold to 10-fold, 5-fold
to 9-fold, 5-fold to 8-fold, 5-fold to 7-fold, 5-fold to 6-fold, 6-fold to 10-fold, 6-fold to 9-fold, 6-
fold to 8-fold, 6-fold to 7-fold,7-fold to 10-fold, 7-fold to 9-fold, 7-fold to 8-fold, 8-fold to 10-
fold, 8-fold to 9-fold, 9-fold to 10-fold, greater following large-scale fermentation than following
HTP-scale growth. See, e.g., Retallack, et al., 2012, “Reliable protein production in a
Pseudomonas fluorescens expression system,” Prot. Exp. and Purif. 81:157-165, incorporated
herein by reference in its entirety.

[0244] Bacterial Growth Conditions

[0245] Suitable fermentation conditions useful in the methods of the provided invention can
comprise growth at a temperature of about 4 deg C to about 42 deg C and a pH of about 5.7 to
about 8.8. When an expression construct with a /acZ promoter is used, expression can be
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induced by adding IPTG to a culture at a final concentration of about 0.01 mM to about 1.0 mM.
In some embodiments, the fermentation conditions comprise induction of the inducible promoter
at: an OD575 of about 40 to about 200, a culture pH of about 5.5 to about 7.2, and a temperature
of about 20 to about 34 deg C, fed batch. In some embodiments, the fermentation conditions
comprise induction of the inducible promoter at: an ODS575 of about 80 to about 160, a culture
pH of about 5.8 to about 7.0, a temperature of about 28 to about 33 deg C, fed batch. In some
embodiments, the resulting recombinant protein titer is about 0.2 to about 5 g/L of cell culture.
[0246] The pH of the culture can be maintained using pH buffers and methods known to those
of skill in the art. Control of pH during culturing also can be achieved using aqueous ammonia.
In embodiments, the pH of the culture during growth, induction, and/or production phase is about
5 to about 8.8. In embodiments, the culture pH is about 5.0, 5.1, 5.2,5.3,5.4,5.5,5.6,5.7, 5.8,
59,60,6.1,62,63,64,65,66,67,68,69,70,7.1,7.2,73,74,75,76,7.7,78,7.9, 8.0,
8.1,82,83,84, 85, 86,87, 8.8, or any range therein. In embodiments, the culture pH is about
5 to about 8.8. In embodiments, the culture pH is about 5 to about 5.5, about 5 to about 6, about 5
to about 6.5, about 5 to about 7, about 5 to about 7.5, about 5 to about 8, about 5 to about 8.5,
about 5 to about 8.8, about 5.5 to about 6, about 5.5 to about 6.5, about 5.5 to about 7, about 5.5
to about 7.5, about 5.5 to about 8, about 5.5 to about 8.5, about 5.5 to about 8.8, about 6 to about
6.5, about 6 to about 7, about 6 to about 7.5, about 6 to about 8, about 6 to about 8.5, about 6 to
about 8.8, about 6.5 to about 7, about 6.5 to about 7.5, about 6.5 to about 8, about 6.5 to about
8.5, about 6.5 to about 8.8, about 7 to about 7.5, about 7 to about 8, about 7 to about 8.5, about 7
to about 8.8, about 7.5 to about 8, about 7.5 to about 8.5, about 7.5 to about 8.8, about 8 to about
8.5, about 8 to about 8.8, or about 8.5 to about 8.8. In embodiments, the culture pH is about 5,
about 5.5, about 6, about 6.5, about 7, about 7.5, about 8, about 8.5, or about 8.8. In
embodiments, the culture pH is at least about 5, about 5.5, about 6, about 6.5, about 7, about 7.5,
about 8, or about 8.5. In embodiments, the culture pH is at most about 5.5, about 6, about 6.5,
about 7, about 7.5, about 8, about 8.5, or about 8.8. In embodiments, the culture pH is about 5.8
to about 7. In embodiments, the culture pH is about 5.8 to about 5.9, about 5.8 to about 6, about
5.8 to about 6.1, about 5.8 to about 6.2, about 5.8 to about 6.2, about 5.8 to about 6.4, about 5.8
to about 6.5, about 5.8 to about 6.6, about 5.8 to about 6.7, about 5.8 to about 6.8, about 5.8 to
about 7, about 5.9 to about 6, about 5.9 to about 6.1, about 5.9 to about 6.2, about 5.9 to about
6.2, about 5.9 to about 6.4, about 3.9 to about 6.5, about 5.9 to about 6.6, about 5.9 to about 6.7,
about 5.9 to about 6.8, about 5.9 to about 7, about 6 to about 6.1, about 6 to about 6.2, about 6 to
about 6.2, about 6 to about 6.4, about 6 to about 6.5, about 6 to about 6.6, about 6 to about 6.7,
about 6 to about 6.8, about 6 to about 7, about 6.1 to about 6.2, about 6.1 to about 6.2, about 6.1
to about 6.4, about 6.1 to about 6.5, about 6.1 to about 6.6, about 6.1 to about 6.7, about 6.1 to
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about 6.8, about 6.1 to about 7, about 6.2 to about 6.2, about 6.2 to about 6.4, about 6.2 to about
6.5, about 6.2 to about 6.6, about 6.2 to about 6.7, about 6.2 to about 6.8, about 6.2 to about 7,
about 6.2 to about 6.4, about 6.2 to about 6.5, about 6.2 to about 6.6, about 6.2 to about 6.7, about
6.2 to about 6.8, about 6.2 to about 7, about 6.4 to about 6.5, about 6.4 to about 6.6, about 6.4 to
about 6.7, about 6.4 to about 6.8, about 6.4 to about 7, about 6.5 to about 6.6, about 6.5 to about
6.7, about 6.5 to about 6.8, about 6.5 to about 7, about 6.6 to about 6.7, about 6.6 to about 6.8,
about 6.6 to about 7, about 6.7 to about 6.8, about 6.7 to about 7, or about 6.8 to about 7. In
embodiments, the culture pH is about 5.8, about 5.9, about 6, about 6.1, about 6.2, about 6.2,
about 6.4, about 6.5, about 6.6, about 6.7, about 6.8, or about 7. In embodiments, the culture pH
is at least about 5.8, about 5.9, about 6, about 6.1, about 6.2, about 6.2, about 6.4, about 6.5,
about 6.6, about 6.7, or about 6.8. In embodiments, the culture pH is at most about 5.9, about 6,
about 6.1, about 6.2, about 6.2, about 6.4, about 6.5, about 6.6, about 6.7, about 6.8, or about 7.
In some embodiments, the pH is about 6 to about 6.5. In some embodiments, the culture pH is
about 6 to about 6.1, about 6 to about 6.2, about 6 to about 6.3, about 6 to about 6.4, about 6 to
about 6.5, about 6.1 to about 6.2, about 6.1 to about 6.3, about 6.1 to about 6.4, about 6.1 to about
6.5, about 6.2 to about 6.3, about 6.2 to about 6.4, about 6.2 to about 6.5, about 6.3 to about 6.4,
about 6.3 to about 6.5, or about 6.4 to about 6.5. In some embodiments, the culture pH is about 6,
about 6.1, about 6.2, about 6.3, about 6.4, or about 6.5. In some embodiments, the culture pH is
at least about 6, about 6.1, about 6.2, about 6.3, or about 6.4. In some embodiments, the culture
pH is at most about 6.1, about 6.2, about 6.3, about 6.4, or about 6.5.
[0247] In embodiments, the growth temperature of the culture during growth, induction, and/or
production phase is maintained at about 4 °C to about 42 °C. In embodiments, the growth
temperature is about 4 °C, about 5 °C, about 6 °C , about 7 °C, about 8 °C, about 9 °C, about 10
°C, about 11°C, about 12 °C, about 13°C, about 14 °C, about 15 °C, about 16 °C, about 17 °C,
about 18 °C, about 19 °C, about 20 °C, about 21°C, about 22 °C, about 23 °C, about 24 °C, about
25 °C, about 26 °C, about 27 °C, about 28 °C, about 29 °C, about 30 °C, about 31 °C, about 32
°C, about 33 °C, about 34 °C, about 35 °C, about 36 °C, about 37 °C, about 38 °C, about 39 °C,
about 40 °C, about 41 °C, about 42 °C, or any range therein. In embodiments, the growth
temperature is about 25 °C to about 35 °C. In embodiments, the growth temperature is about 25
°C to about 35 °C. In embodiments, the growth temperature is about 25 °C to about 26 °C, about
25 °C to about 27 °C, about 25 °C to about 28 °C, about 25 °C to about 29 °C, about 25 °C to
about 30 °C, about 25 °C to about 31 °C, about 25 °C to about 32 °C, about 25 °C to about 33 °C,
about 25 °C to about 34 °C, about 25 °C to about 35 °C, about 26 °C to about 27 °C, about 26 °C
to about 28 °C, about 26 °C to about 29 °C, about 26 °C to about 30 °C, about 26 °C to about 31
°C, about 26 °C to about 32 °C, about 26 °C to about 33 °C, about 26 °C to about 34 °C, about 26
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°C to about 35 °C, about 27 °C to about 28 °C, about 27 °C to about 29 °C, about 27 °C to about
30 °C, about 27 °C to about 31 °C, about 27 °C to about 32 °C, about 27 °C to about 33 °C, about
27 °C to about 34 °C, about 27 °C to about 35 °C, about 28 °C to about 29 °C, about 28 °C to
about 30 °C, about 28 °C to about 31 °C, about 28 °C to about 32 °C, about 28 °C to about 33 °C,
about 28 °C to about 34 °C, about 28 °C to about 35 °C, about 29 °C to about 30 °C, about 29 °C
to about 31 °C, about 29 °C to about 32 °C, about 29 °C to about 33 °C, about 29 °C to about 34
°C, about 29 °C to about 35 °C, about 30 °C to about 31 °C, about 30 °C to about 32 °C, about 30
°C to about 33 °C, about 30 °C to about 34 °C, about 30 °C to about 35 °C, about 31 °C to about
32 °C, about 31 °C to about 33 °C, about 31 °C to about 34 °C, about 31 °C to about 35 °C, about
32 °C to about 33 °C, about 32 °C to about 34 °C, about 32 °C to about 35 °C, about 33 °C to
about 34 °C, about 33 °C to about 35 °C, or about 34 °C to about 35 °C. In embodiments, the
growth temperature is about 25 °C, about 26 °C, about 27 °C, about 28 °C, about 29 °C, about 30
°C, about 31 °C, about 32 °C, about 33 °C, about 34 °C, or about 35 °C. In embodiments, the
growth temperature is at least about 25 °C, about 26 °C, about 27 °C, about 28 °C, about 29 °C,
about 30 °C, about 31 °C, about 32 °C, about 33 °C, or about 34 °C. In embodiments, the growth
temperature is at most about 26 °C, about 27 °C, about 28 °C, about 29 °C, about 30 °C, about 31
°C, about 32 °C, about 33 °C, about 34 °C, or about 35 °C.
[0248] In embodiments, the temperature is changed during culturing. In embodiments, the
temperature is maintained at about 30 °C to about 32 °C before an agent, e.g., IPTG, is added to
the culture to induce expression from the construct, and after adding the induction agent, the
temperature is reduced to about 25 °C to about 28 °C. In embodiments, the temperature is
maintained at about 30 °C before an agent, e.g., IPTG, is added to the culture to induce
expression from the construct, and after adding the induction agent, the temperature is reduced to
about 25 °C.
[0249] As described elsewhere herein, inducible promoters can be used in the expression
construct to control expression of the recombinant protein of interest, e.g., a lac promoter. In the
case of the lac promoter derivatives or family members, e.g., the fac promoter, the effector
compound is an inducer, such as a gratuitous inducer like IPTG. In embodiments, a lac promoter
derivative is used, and recombinant protein expression is induced by the addition of IPTG to a
final concentration of about 0.01 mM to about 1.0 mM, when the cell density has reached a level
identified by an ODs7s of about 80 to about 300. In some embodiments, the OD575 at the time of
culture induction for the recombinant protein is about 80 to about 300. In some embodiments,
the ODS575 at the time of culture induction for the recombinant protein is about 80 to about 100,
about 80 to about 120, about 80 to about 140, about 80 to about 160, about 80 to about 180, about
80 to about 200, about 80 to about 220, about 80 to about 240, about 80 to about 260, about 80 to
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about 280, about 80 to about 300, about 100 to about 120, about 100 to about 140, about 100 to
about 160, about 100 to about 180, about 100 to about 200, about 100 to about 220, about 100 to
about 240, about 100 to about 260, about 100 to about 280, about 100 to about 300, about 120 to
about 140, about 120 to about 160, about 120 to about 180, about 120 to about 200, about 120 to
about 220, about 120 to about 240, about 120 to about 260, about 120 to about 280, about 120 to
about 300, about 140 to about 160, about 140 to about 180, about 140 to about 200, about 140 to
about 220, about 140 to about 240, about 140 to about 260, about 140 to about 280, about 140 to
about 300, about 160 to about 180, about 160 to about 200, about 160 to about 220, about 160 to
about 240, about 160 to about 260, about 160 to about 280, about 160 to about 300, about 180 to
about 200, about 180 to about 220, about 180 to about 240, about 180 to about 260, about 180 to
about 280, about 180 to about 300, about 200 to about 220, about 200 to about 240, about 200 to
about 260, about 200 to about 280, about 200 to about 300, about 220 to about 240, about 220 to
about 260, about 220 to about 280, about 220 to about 300, about 240 to about 260, about 240 to
about 280, about 240 to about 300, about 260 to about 280, about 260 to about 300, or about 280
to about 300. In some embodiments, the OD575 at the time of culture induction for the
recombinant protein is about 80, about 100, about 120, about 140, about 160, about 180, about
200, about 220, about 240, about 260, about 280, or about 300. In some embodiments, the
OD575 at the time of culture induction for the recombinant protein is at least about 80, about
100, about 120, about 140, about 160, about 180, about 200, about 220, about 240, about 260, or
about 280. In some embodiments, the OD575 at the time of culture induction for the
recombinant protein is at most about 100, about 120, about 140, about 160, about 180, about 200,
about 220, about 240, about 260, about 280, or about 300. In some embodiments, the induction
ODs7s is about 80-160. In some embodiments, the ODS575 at the time of culture induction for the
recombinant protein is about 80 to about 160. In some embodiments, the OD575 at the time of
culture induction for the recombinant protein is about 80 to about 90, about 80 to about 100,
about 80 to about 110, about 80 to about 120, about 80 to about 130, about 80 to about 140, about
80 to about 150, about 80 to about 160, about 90 to about 100, about 90 to about 110, about 90 to
about 120, about 90 to about 130, about 90 to about 140, about 90 to about 150, about 90 to about
160, about 100 to about 110, about 100 to about 120, about 100 to about 130, about 100 to about
140, about 100 to about 150, about 100 to about 160, about 110 to about 120, about 110 to about
130, about 110 to about 140, about 110 to about 150, about 110 to about 160, about 120 to about
130, about 120 to about 140, about 120 to about 150, about 120 to about 160, about 130 to about
140, about 130 to about 150, about 130 to about 160, about 140 to about 150, about 140 to about
160, or about 150 to about 160. In some embodiments, the OD575 at the time of culture
induction for the recombinant protein is about 80, about 90, about 100, about 110, about 120,
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about 130, about 140, about 150, or about 160. In some embodiments, the OD575 at the time of
culture induction for the recombinant protein is at least about 80, about 90, about 100, about 110,
about 120, about 130, about 140, or about 150. In some embodiments, the OD575 at the time of
culture induction for the recombinant protein is at most about 90, about 100, about 110, about
120, about 130, about 140, about 150, or about 160.
[0250] The cell density can be measured by other methods and expressed in other units, e.g., in
cells per unit volume. For example, an ODs7s of about 40 to about 160 of a P. fluorescens culture
is equivalent to approximately 4 x 10" to about 1.6 x 10! colony forming units per mL or 17.5
to 70 g/L dry cell weight. In embodiments, the cell density at the time of culture induction is
equivalent to the cell density as specified herein by the absorbance at ODS575, regardless of the
method used for determining cell density or the units of measurement. One of skill in the art will
know how to make the appropriate conversion for any cell culture.
[0251] In some embodiments, the final IPTG concentration of the culture is about 0.01 mM to
about 1 mM. In some embodiments, the final IPTG concentration of the culture is about 0.01 mM
to about 0.02 mM, about 0.01 mM to about 0.03 mM, about 0.01 mM to about 0.05 mM, about
0.01 mM to about 0.06 mM, about 0.01 mM to about 0.07 mM, about 0.01 mM to about 0.08
mM, about 0.01 mM to about 0.09 mM, about 0.01 mM to about 0.1 mM, about 0.01 mM to
about 0.2 mM, about 0.01 mM to about 0.5 mM, about 0.01 mM to about 1 mM, about 0.02 mM
to about 0.03 mM, about 0.02 mM to about 0.05 mM, about 0.02 mM to about 0.06 mM, about
0.02 mM to about 0.07 mM, about 0.02 mM to about 0.08 mM, about 0.02 mM to about 0.09
mM, about 0.02 mM to about 0.1 mM, about 0.02 mM to about 0.2 mM, about 0.02 mM to about
0.5 mM, about 0.02 mM to about 1 mM, about 0.03 mM to about 0.05 mM, about 0.03 mM to
about 0.06 mM, about 0.03 mM to about 0.07 mM, about 0.03 mM to about 0.08 mM, about 0.03
mM to about 0.09 mM, about 0.03 mM to about 0.1 mM, about 0.03 mM to about 0.2 mM, about
0.03 mM to about 0.5 mM, about 0.03 mM to about 1 mM, about 0.05 mM to about 0.06 mM,
about 0.05 mM to about 0.07 mM, about 0.05 mM to about 0.08 mM, about 0.05 mM to about
0.09 mM, about 0.05 mM to about 0.1 mM, about 0.05 mM to about 0.2 mM, about 0.05 mM to
about 0.5 mM, about 0.05 mM to about 1 mM, about 0.06 mM to about 0.07 mM, about 0.06
mM to about 0.08 mM, about 0.06 mM to about 0.09 mM, about 0.06 mM to about 0.1 mM,
about 0.06 mM to about 0.2 mM, about 0.06 mM to about 0.5 mM, about 0.06 mM to about 1
mM, about 0.07 mM to about 0.08 mM, about 0.07 mM to about 0.09 mM, about 0.07 mM to
about 0.1 mM, about 0.07 mM to about 0.2 mM, about 0.07 mM to about 0.5 mM, about 0.07
mM to about 1 mM, about 0.08 mM to about 0.09 mM, about 0.08 mM to about 0.1 mM, about
0.08 mM to about 0.2 mM, about 0.08 mM to about 0.5 mM, about 0.08 mM to about 1 mM,
about 0.09 mM to about 0.1 mM, about 0.09 mM to about 0.2 mM, about 0.09 mM to about 0.5
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mM, about 0.09 mM to about 1 mM, about 0.1 mM to about 0.2 mM, about 0.1 mM to about 0.5
mM, about 0.1 mM to about 1 mM, about 0.2 mM to about 0.5 mM, about 0.2 mM to about 1
mM, or about 0.5 mM to about 1 mM. In some embodiments, the final IPTG concentration of the
culture is about 0.01 mM, about 0.02 mM, about 0.03 mM, about 0.05 mM, about 0.06 mM,
about 0.07 mM, about 0.08 mM, about 0.09 mM, about 0.1 mM, about 0.2 mM, about 0.5 mM,
or about 1 mM. In some embodiments, the final IPTG concentration of the culture is at least
about 0.01 mM, about 0.02 mM, about 0.03 mM, about 0.05 mM, about 0.06 mM, about 0.07
mM, about 0.08 mM, about 0.09 mM, about 0.1 mM, about 0.2 mM, or about 0.5 mM. In some
embodiments, the final IPTG concentration of the culture is at most about 0.02 mM, about 0.03
mM, about 0.05 mM, about 0.06 mM, about 0.07 mM, about 0.08 mM, about 0.09 mM, about 0.1
mM, about 0.2 mM, about 0.5 mM, or about 1 mM. In some embodiments, the final IPTG
concentration of the culture is about 0.08 mM to about 0.3 mM. In some embodiments, the final
IPTG concentration of the culture is about 0.08 mM to about 0.09 mM, about 0.08 mM to about
0.1 mM, about 0.08 mM to about 0.125 mM, about 0.08 mM to about 0.15 mM, about 0.08 mM
to about 0.175 mM, about 0.08 mM to about 0.2 mM, about 0.08 mM to about 0.225 mM, about
0.08 mM to about 0.25 mM, about 0.08 mM to about 0.275 mM, about 0.08 mM to about 0.3
mM, about 0.09 mM to about 0.1 mM, about 0.09 mM to about 0.125 mM, about 0.09 mM to
about 0.15 mM, about 0.09 mM to about 0.175 mM, about 0.09 mM to about 0.2 mM, about 0.09
mM to about 0.225 mM, about 0.09 mM to about 0.25 mM, about 0.09 mM to about 0.275 mM,
about 0.09 mM to about 0.3 mM, about 0.1 mM to about 0.125 mM, about 0.1 mM to about 0.15
mM, about 0.1 mM to about 0.175 mM, about 0.1 mM to about 0.2 mM, about 0.1 mM to about
0.225 mM, about 0.1 mM to about 0.25 mM, about 0.1 mM to about 0.275 mM, about 0.1 mM to
about 0.3 mM, about 0.125 mM to about 0.15 mM, about 0.125 mM to about 0.175 mM, about
0.125 mM to about 0.2 mM, about 0.125 mM to about 0.225 mM, about 0.125 mM to about 0.25
mM, about 0.125 mM to about 0.275 mM, about 0.125 mM to about 0.3 mM, about 0.15 mM to
about 0.175 mM, about 0.15 mM to about 0.2 mM, about 0.15 mM to about 0.225 mM, about
0.15 mM to about 0.25 mM, about 0.15 mM to about 0.275 mM, about 0.15 mM to about 0.3
mM, about 0.175 mM to about 0.2 mM, about 0.175 mM to about 0.225 mM, about 0.175 mM to
about 0.25 mM, about 0.175 mM to about 0.275 mM, about 0.175 mM to about 0.3 mM, about
0.2 mM to about 0.225 mM, about 0.2 mM to about 0.25 mM, about 0.2 mM to about 0.275 mM,
about 0.2 mM to about 0.3 mM, about 0.225 mM to about 0.25 mM, about 0.225 mM to about
0.275 mM, about 0.225 mM to about 0.3 mM, about 0.25 mM to about 0.275 mM, about 0.25
mM to about 0.3 mM, or about 0.275 mM to about 0.3 mM. In some embodiments, the final
IPTG concentration of the culture is about 0.08 mM, about 0.09 mM, about 0.1 mM, about 0.125
mM, about 0.15 mM, about 0.175 mM, about 0.2 mM, about 0.225 mM, about 0.25 mM, about
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0.275 mM, or about 0.3 mM. In some embodiments, the final IPTG concentration of the culture
1s at least about 0.08 mM, about 0.09 mM, about 0.1 mM, about 0.125 mM, about 0.15 mM,
about 0.175 mM, about 0.2 mM, about 0.225 mM, about 0.25 mM, or about 0.275 mM. In some
embodiments, the final IPTG concentration of the culture is at most about 0.09 mM, about 0.1
mM, about 0.125 mM, about 0.15 mM, about 0.175 mM, about 0.2 mM, about 0.225 mM, about
0.25 mM, about 0.275 mM, or about 0.3 mM.
[0252] In embodiments wherein a non-lac type promoter is used, as described herein and in the
literature, other inducers or effectors can be used. In one embodiment, the promoter is a
constitutive promoter.
[0253] After adding and inducing agent, cultures can be grown for a period of time, for
example about 24 hours, during which time the recombinant protein is expressed (production
phase). After adding an inducing agent, a culture can be grown for about 1 hr, about 2 hr, about
3 hr, about 4 hr, about 5 hr, about 6 hr, about 7 hr, about 8 hr, about 9 hr, about 10 hr, about 11
hr, about 12 hr, about 13 hr, about 14 hr, about 15 hr, about 16 hr, about 17 hr, about 18 hr, about
19 hr, about 20 hr, about 21 hr, about 22 hr, about 23 hr, about 24 hr, about 36 hr, or about 48 hr.
After an inducing agent is added to a culture, the culture can be grown for about 1 to 48 hr, about
1 to 24 hr, about 1 to 8 hr, about 10 to 24 hr, about 15 to 24 hr, or about 20 to 24 hr. Cell cultures
can be concentrated by centrifugation, and the culture pellet resuspended in a buffer or solution
appropriate for the subsequent lysis procedure.
[0254] In some embodiments a constant feed is used. In some embodiments, a fed-batch
format is used. In some embodiments, the feed is glycerol or glucose. In some embodiments the
feed bolus is about 10 g/L to about 50 g/L.. In some embodiments the feed bolus is about 10 g/LL
to about 15 g/L, about 10 g/L to about 20 g/L, about 10 g/L to about 25 g/L, about 10 g/L to
about 30 g/L, about 10 g/L to about 35 g/L, about 10 g/L to about 40 g/L, about 10 g/L to about
45 g/L, about 10 g/L to about 50 g/L, about 15 g/L to about 20 g/L, about 15 g/L to about 25 g/L,
about 15 g/L to about 30 g/L, about 15 g/L to about 35 g/L, about 15 g/L to about 40 g/L, about
15 g/L to about 45 g/L, about 15 g/L to about 50 g/L, about 20 g/L to about 25 g/L, about 20 g/L
to about 30 g/L, about 20 g/L to about 35 g/L, about 20 g/L to about 40 g/L, about 20 g/L to
about 45 g/L, about 20 g/L to about 50 g/L, about 25 g/L to about 30 g/L, about 25 g/L to about
35 g/L, about 25 g/L to about 40 g/L, about 25 g/L to about 45 g/L, about 25 g/L to about 50 g/L,
about 30 g/L to about 35 g/L, about 30 g/L to about 40 g/L, about 30 g/L to about 45 g/L, about
30 g/L to about 50 g/L, about 35 g/L to about 40 g/L, about 35 g/L to about 45 g/L, about 35 g/L
to about 50 g/L, about 40 g/L to about 45 g/L, about 40 g/L to about 50 /L, or about 45 g/L to
about 50 g/L. In some embodiments the feed bolus is about 10 g/L, about 15 g/L, about 20 g/L,
about 25 g/L, about 30 g/L, about 35 g/L, about 40 g/L, about 45 g/L, or about 50 g/L. In some
101



WO 2022/261377 PCT/US2022/032911

embodiments the feed bolus is at least about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L,
about 30 g/L, about 35 g/L, about 40 g/L, or about 45 g/L. In some embodiments the feed bolus
is at most about 15 g/L, about 20 g/L, about 25 g/L, about 30 g/L, about 35 g/L, about 40 g/L,
about 45 g/L, or about 50 g/L.

[0255] In embodiments, cells are disrupted using equipment for high pressure mechanical cell
disruption (which are available commercially, e.g., Microfluidics Micro fluidizer, Constant Cell
Disruptor, Niro-Soavi homogenizer or APV-Gaulin homogenizer). Cells expressing the
recombinant protein can be disrupted, for example, using sonication. Any appropriate method
known in the art for lysing cells can be used to release the soluble fraction. For example, in
embodiments, chemical and/or enzymatic cell lysis reagents, such as cell-wall lytic enzyme and
EDTA, can be used. Use of frozen or previously stored cultures is also contemplated in the
methods of the invention. Cultures can be OD-normalized prior to lysis. For example, cells can
be normalized to an OD600 of about 10, about 11, about 12, about 13, about 14, about 15, about
16, about 17, about 18, about 19, or about 20.

[0256] Centrifugation can be performed using any appropriate equipment and method.
Centrifugation of cell culture or lysate for the purposes of separating a soluble fraction from an
insoluble fraction is well-known in the art. For example, lysed cells can be centrifuged at
20,800=g for 20 minutes (at 4°C), and the supernatants removed using manual or automated
liquid handling. The cell pellet obtained by centrifugation of cell culture, or the insoluble
fraction obtained by centrifugation of cell lysate, can be resuspended in a buffered solution.
Resuspension of the cell pellet or insoluble fraction can be carried out using, e.g., equipment
such as impellers connected to an overhead mixer, magnetic stir-bars, rocking shakers, etc.
[0257] A “soluble fraction,” i.e., the soluble supernatant obtained after centrifugation of a lysate,
and an “insoluble fraction,” i.e., the pellet obtained after centrifugation of a lysate, result from
lysing and centrifuging the cultures.

High Throughput Screens

[0258] In embodiments, a high throughput screen is conducted to determine optimal conditions
for expressing a recombinant protein of interest. Conditions that can be varied in the screen
include, for example, the host cell, genetic background of the host cell (e.g., as described in detail
herein), type of promoter in an expression construct, type of secretion leader fused to the encoded
polypeptide or protein of interest, temperature of growth, OD of induction when an inducible
promoter is used, amount of inducer added (e.g. amount of IPTG used for induction when a lacZ
promoter or derivative thereof is used), duration of protein induction, temperature of growth
following addition of an inducing agent to a culture, rate of agitation of culture, method of
selection for plasmid maintenance, volume of culture in a vessel, and method of cell lysing.

102



WO 2022/261377 PCT/US2022/032911

[0259] In some embodiments, a library (or “array”) of host strains is provided, wherein each
strain (or “population of host cells”) in the library has been genetically modified to modulate the
expression of one or more target genes in the host cell. An “optimal host strain” or “optimal
expression system” may be identified or selected based on the quantity, quality, and/or location
of the expressed protein of interest compared to other populations of phenotypically distinct host
cells in the array. Thus, an optimal host strain is the strain that produces the recombinant protein
of interest according to a desired specification. While the desired specification will vary
depending on the polypeptide being produced, the specification includes the quality and/or
quantity of protein, whether the protein is sequestered or secreted, protein folding, and the like.
For example, the optimal host strain or optimal expression system produces a yield, characterized
by the amount of soluble recombinant protein, the amount of recoverable recombinant protein,
the amount of properly processed recombinant protein, the amount of properly folded
recombinant protein, the amount of active recombinant protein, and/or the total amount of the
recombinant protein of interest, of a certain absolute level or a certain level relative to that
produced by a control or indicator strain, i.e., a strain used for comparison. Methods of screening
microbial hosts to identify strains with improved yield and/or quality in the expression of
recombinant proteins are described, for example, in U.S. Pat. Nos. 9,394,571 and 9,580,719.
[0260] Protein Analysis
[0261] A recombinant protein of interest produced according to the methods of the present
invention may be of high quality, e.g., active, soluble, and/or intact; produced at a high yield or
titer; or any combination thereof. In some embodiments, a recombinant protein of interest is
produced by a recombinant gram-negative bacterial host cell according to the methods of the
present invention at higher quality and/or higher yield when compared to those observed with a
control host cell. In some embodiments, a recombinant gram-negative bacterial host cell of the
present invention grows to a higher cell density than a control host cell.
[0262] In embodiments, recombinant proteins of interest produced by the methods provided
herein are analyzed with regard to yield, solubility, activity, and degradation (e.g., by measuring
intact protein). A recombinant protein of interest can be analyzed by any appropriate method
known to those of skill in the art. The “solubility” and “activity” of a protein, though related
qualities, are generally determined by different means. Solubility of a protein, particularly a
hydrophobic protein, indicates that hydrophobic amino acid residues are properly located on the
inside of the folded protein. Protein activity, which is often evaluated using different methods,
e.g., as described below, is another indicator of proper protein conformation.
[0263] In some embodiments, a recombinant protein of interest is analyzed by biolayer
interferometry, SDS-PAGE, Western blot, Far Western blot, ELISA, absorbance, or mass

103



WO 2022/261377 PCT/US2022/032911

spectrometry (e.g., tandem mass spectrometry). In some embodiments, the concentration and/or
amounts of polypeptides or proteins of interest generated are determined, for example, by
Bradford assay, absorbance, Coomassie staining, mass spectrometry, etc. Protein yield and
fragmentation in the insoluble and soluble fractions can be analyzed by methods known to those
of skill in the art, for example, by capillary gel electrophoresis (CGE), SDS-PAGE, and Western
blot analysis. Soluble fractions also can be evaluated, for example, using biolayer
interferometry. Protein activity may be measured by any known method as appropriate for the
recombinant protein of interest. For a recombinant protein of interest that is a binding protein,
this may comprise measuring its binding to a target ligand, e.g., TNF-alpha, or any other target,
by any known method.
[0264] Useful measures of protein yield include, e.g., the amount of recombinant protein per
culture volume (e.g., concentration, which may be expressed in grams or milligrams of
protein/liter of culture), percent or fraction of recombinant protein measured in the insoluble
pellet obtained after lysis (e.g., amount of recombinant protein in extract supernatant/amount of
protein in insoluble fraction), percent or fraction of active protein (e.g., amount of active
protein/amount protein used in the assay), percent or fraction of total cell protein (tcp), amount of
protein/cell, and percent dry biomass. A measure as used herein may refer to that determined for
a large-scale fermentation culture.
[0265] In some embodiments, a recombinant gram-negative bacterial host cell of the invention
grows to an increased cell density in culture than a control cell, under substantially the same
growth conditions. In some embodiments, the increase in cell density relative to the control cell
is about 2-fold to about 15-fold. In some embodiments, the increase in cell density relative to the
control cell is about 2 fold to about 3 fold, about 2 fold to about 4 fold, about 2 fold to about 5
fold, about 2 fold to about 6 fold, about 2 fold to about 7 fold, about 2 fold to about 8 fold, about
2 fold to about 9 fold, about 2 fold to about 10 fold, about 2 fold to about 11 fold, about 2 fold to
about 12 fold, about 2 fold to about 15 fold, about 3 fold to about 4 fold, about 3 fold to about 5
fold, about 3 fold to about 6 fold, about 3 fold to about 7 fold, about 3 fold to about 8 fold, about
3 fold to about 9 fold, about 3 fold to about 10 fold, about 3 fold to about 11 fold, about 3 fold to
about 12 fold, about 3 fold to about 15 fold, about 4 fold to about 5 fold, about 4 fold to about 6
fold, about 4 fold to about 7 fold, about 4 fold to about 8 fold, about 4 fold to about 9 fold, about
4 fold to about 10 fold, about 4 fold to about 11 fold, about 4 fold to about 12 fold, about 4 fold
to about 15 fold, about 5 fold to about 6 fold, about 5 fold to about 7 fold, about 5 fold to about 8
fold, about 5 fold to about 9 fold, about 5 fold to about 10 fold, about 5 fold to about 11 fold,
about 5 fold to about 12 fold, about 5 fold to about 15 fold, about 6 fold to about 7 fold, about 6
fold to about 8 fold, about 6 fold to about 9 fold, about 6 fold to about 10 fold, about 6 fold to
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about 11 fold, about 6 fold to about 12 fold, about 6 fold to about 15 fold, about 7 fold to about 8
fold, about 7 fold to about 9 fold, about 7 fold to about 10 fold, about 7 fold to about 11 fold,
about 7 fold to about 12 fold, about 7 fold to about 15 fold, about 8 fold to about 9 fold, about 8
fold to about 10 fold, about 8 fold to about 11 fold, about 8 fold to about 12 fold, about 8 fold to
about 15 fold, about 9 fold to about 10 fold, about 9 fold to about 11 fold, about 9 fold to about
12 fold, about 9 fold to about 15 fold, about 10 fold to about 11 fold, about 10 fold to about 12
fold, about 10 fold to about 15 fold, about 11 fold to about 12 fold, about 11 fold to about 15
fold, or about 12 fold to about 15 fold. In some embodiments, the increase in cell density relative
to the control cell is about 2 fold, about 3 fold, about 4 fold, about 5 fold, about 6 fold, about 7
fold, about 8 fold, about 9 fold, about 10 fold, about 11 fold, about 12 fold, or about 15 fold. In
some embodiments, the increase in cell density relative to the control cell is at least about 2 fold,
about 3 fold, about 4 fold, about 5 fold, about 6 fold, about 7 fold, about 8 fold, about 9 fold,
about 10 fold, about 11 fold, or about 12 fold. In some embodiments, the increase in cell density
relative to the control cell is at most about 3 fold, about 4 fold, about 5 fold, about 6 fold, about 7
fold, about 8 fold, about 9 fold, about 10 fold, about 11 fold, about 12 fold, or about 15 fold.
[0266] In some embodiments, a recombinant gram-negative bacterial host cell of the invention
produces an increased yield of high-quality recombinant protein relative to a control cell. In
some embodiments, the increased yield relative to the control cell is about 2-fold to about 100-
fold. In some embodiments, the increased yield relative to the control cell is about 2 fold to about
5 fold, about 2 fold to about 10 fold, about 2 fold to about 20 fold, about 2 fold to about 30 fold,
about 2 fold to about 40 fold, about 2 fold to about 50 fold, about 2 fold to about 60 fold, about 2
fold to about 70 fold, about 2 fold to about 80 fold, about 2 fold to about 90 fold, about 2 fold to
about 100 fold, about 5 fold to about 10 fold, about 5 fold to about 20 fold, about 5 fold to about
30 fold, about 5 fold to about 40 fold, about 5 fold to about 50 fold, about 5 fold to about 60 fold,
about 5 fold to about 70 fold, about 5 fold to about 80 fold, about 5 fold to about 90 fold, about 5
fold to about 100 fold, about 10 fold to about 20 fold, about 10 fold to about 30 fold, about 10
fold to about 40 fold, about 10 fold to about 50 fold, about 10 fold to about 60 fold, about 10 fold
to about 70 fold, about 10 fold to about 80 fold, about 10 fold to about 90 fold, about 10 fold to
about 100 fold, about 20 fold to about 30 fold, about 20 fold to about 40 fold, about 20 fold to
about 50 fold, about 20 fold to about 60 fold, about 20 fold to about 70 fold, about 20 fold to
about 80 fold, about 20 fold to about 90 fold, about 20 fold to about 100 fold, about 30 fold to
about 40 fold, about 30 fold to about 50 fold, about 30 fold to about 60 fold, about 30 fold to
about 70 fold, about 30 fold to about 80 fold, about 30 fold to about 90 fold, about 30 fold to
about 100 fold, about 40 fold to about 50 fold, about 40 fold to about 60 fold, about 40 fold to
about 70 fold, about 40 fold to about 80 fold, about 40 fold to about 90 fold, about 40 fold to
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about 100 fold, about 50 fold to about 60 fold, about 50 fold to about 70 fold, about 50 fold to
about 80 fold, about 50 fold to about 90 fold, about 50 fold to about 100 fold, about 60 fold to
about 70 fold, about 60 fold to about 80 fold, about 60 fold to about 90 fold, about 60 fold to
about 100 fold, about 70 fold to about 80 fold, about 70 fold to about 90 fold, about 70 fold to
about 100 fold, about 80 fold to about 90 fold, about 80 fold to about 100 fold, or about 90 fold
to about 100 fold. In some embodiments, the increased yield relative to the control cell is about 2
fold, about 5 fold, about 10 fold, about 20 fold, about 30 fold, about 40 fold, about 50 fold, about
60 fold, about 70 fold, about 80 fold, about 90 fold, or about 100 fold. In some embodiments, the
increased yield relative to the control cell is at least about 2 fold, about 5 fold, about 10 fold,
about 20 fold, about 30 fold, about 40 fold, about 50 fold, about 60 fold, about 70 fold, about 80
fold, or about 90 fold. In some embodiments, the increased yield relative to the control cell is at
most about 5 fold, about 10 fold, about 20 fold, about 30 fold, about 40 fold, about 50 fold, about
60 fold, about 70 fold, about 80 fold, about 90 fold, or about 100 fold.
[0267] Any suitable control cell may be selected by one of skill in the art for comparison with
the recombinant gram-negative bacterial host cell. In some embodiments, the recombinant gram-
negative bacterial host cell and the control cell, respectively, are selected from: (i) a recombinant
gram-negative bacterial host cell deficient in a first protease activity and a second protease
activity as described herein, and a corresponding gram-negative bacterial host cell deficient in the
first protease activity and wherein the second protease is functional; (ii) a recombinant gram-
negative bacterial host cell deficient in the first protease activity, the second protease activity,
and an additional protease activity as described herein, and a corresponding gram-negative
bacterial host cell deficient in the first protease activity and the second protease activity, and
wherein the additional protease activity that is deficient in the compared recombinant gram-
negative bacterial host cell is functional; and (iii) a recombinant gram-negative bacterial host cell
deficient in the first protease activity and the second protease activity, and comprising a
functional protease that is: a MepS1 having the amino acid sequence set forth as SEQ ID NO: 5;
a homologue of the MepS1 having the amino acid sequence set forth as SEQ ID NO: 5; or a
MepS1 related protein having at least 50% sequence similarity to the P. fluorescens MepS1
amino acid sequence set forth as SEQ ID NO: 5, and a corresponding gram-negative bacterial
host cell deficient in the activity of the first protease and the second protease, and deficient in the
functional protease of the compared recombinant gram-negative bacterial host cell.
[0268] In embodiments, the methods herein are used to obtain a yield of active, soluble, and/or
intact recombinant protein of interest of about 20% to about 90% total cell protein. In certain
embodiments, the yield of active, soluble, and/or intact polypeptide or protein of interest is about
20% total cell protein, about 25% total cell protein, about 30% total cell protein, about 31% total
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cell protein, about 32% total cell protein, about 33% total cell protein, about 34% total cell
protein, about 35% total cell protein, about 36% total cell protein, about 37% total cell protein,
about 38% total cell protein, about 39% total cell protein, about 40% total cell protein, about
41% total cell protein, about 42% total cell protein, about 43% total cell protein, about 44% total
cell protein, about 45% total cell protein, about 46% total cell protein, about 47% total cell
protein, about 48% total cell protein, about 49% total cell protein, about 50% total cell protein,
about 51% total cell protein, about 52% total cell protein, about 53% total cell protein, about
54% total cell protein, about 55% total cell protein, about 56% total cell protein, about 57% total
cell protein, about 58% total cell protein, about 59% total cell protein, about 60% total cell
protein, about 65% total cell protein, about 70% total cell protein, about 75% total cell protein,
about 80% total cell protein, about 85% total cell protein, or about 90% total cell protein. In
some embodiments, the yield of active, soluble, and/or intact recombinant protein of interest is
about 20% to about 25% total cell protein, about 20% to about 30% total cell protein, about 20%
to about 35% total cell protein, about 20% to about 40% total cell protein, about 20% to about
45% total cell protein, about 20% to about 50% total cell protein, about 20% to about 55% total
cell protein, about 20% to about 60% total cell protein, about 20% to about 65% total cell
protein, about 20% to about 70% total cell protein, about 20% to about 75% total cell protein,
about 20% to about 80% total cell protein, about 20% to about 85% total cell protein, about 20%
to about 90% total cell protein, about 25% to about 90% total cell protein, about 30% to about
90% total cell protein, about 35% to about 90% total cell protein, about 40% to about 90% total
cell protein, about 45% to about 90% total cell protein, about 50% to about 90% total cell
protein, about 55% to about 90% total cell protein, about 60% to about 90% total cell protein,
about 65% to about 90% total cell protein, about 70% to about 90% total cell protein, about 75%
to about 90% total cell protein, about 80% to about 90% total cell protein, about 85% to about
90% total cell protein, about 31% to about 60% total cell protein, about 35% to about 60% total
cell protein, about 40% to about 60% total cell protein, about 45% to about 60% total cell
protein, about 50% to about 60% total cell protein, about 55% to about 60% total cell protein,
about 31% to about 55% total cell protein, about 31% to about 50% total cell protein, about 31%
to about 45% total cell protein, about 31% to about 40% total cell protein, about 31% to about
35% total cell protein, about 35% to about 55% total cell protein, or about 40% to about 50%
total cell protein.

[0269] In embodiments, the methods herein are used to obtain a yield (which may be referred to
as a titer when expressed as a concentration) of active, soluble, and/or intact recombinant protein
of interest of about 1 gram per liter to about 50 grams per liter. In some embodiments, the
methods herein are used to obtain a yield of active, soluble, and/or intact recombinant protein of
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interest of about 0.1 g/L to about 50 g/L. In some embodiments, the methods herein are used to
obtain a yield of active, soluble, and/or intact recombinant protein of interest of about 0.1 g/L to
about 1 g/L, about 0.1 g/L to about 5 g/L, about 0.1 g/L to about 10 g/L, about 0.1 g/L to about
15 g/L, about 0.1 g/L to about 20 g/L, about 0.1 g/L to about 25 g/L, about 0.1 g/L to about 30
g/L, about 0.1 g/L to about 35 g/L, about 0.1 g/L to about 40 g/L, about 0.1 g/L to about 45 g/L,
about 0.1 g/L to about 50 g/L, about 1 g/L to about 5 g/L, about 1 g/L to about 10 g/L, about 1
g/L to about 15 g/L, about 1 g/L to about 20 g/L, about 1 g/L to about 25 g/L, about 1 g/L to
about 30 g/L, about 1 g/L to about 35 g/L, about 1 g/L to about 40 g/L, about 1 g/L to about 45
g/L, about 1 g/L to about 50 g/L, about 5 g/L to about 10 g/L, about 5 g/L to about 15 g/L, about
5 g/L to about 20 g/L, about 5 g/L to about 25 g/L, about 5 g/L to about 30 g/L, about 5 g/L to
about 35 g/L, about 5 g/L to about 40 g/L, about 5 g/L to about 45 g/L, about 5 g/L to about 50
g/L, about 10 g/L to about 15 g/L, about 10 g/L to about 20 g/L, about 10 g/L to about 25 g/L,
about 10 g/L to about 30 g/L, about 10 g/L to about 35 g/L, about 10 g/L to about 40 g/L, about
10 g/L to about 45 g/L, about 10 g/L to about 50 g/L, about 15 g/L to about 20 g/L, about 15 g/L.
to about 25 g/L, about 15 g/L to about 30 g/L, about 15 g/L to about 35 g/L, about 15 g/L to
about 40 g/L, about 15 g/L to about 45 g/L, about 15 g/L to about 50 g/L, about 20 g/L to about
25 g/L, about 20 g/L to about 30 g/L, about 20 g/L to about 35 g/L, about 20 g/L to about 40 g/L,
about 20 g/L to about 45 g/L, about 20 g/L to about 50 g/L, about 25 g/L to about 30 g/L, about
25 g/L to about 35 g/L, about 25 g/L to about 40 g/L, about 25 g/L to about 45 g/L, about 25 g/L
to about 50 g/L, about 30 g/L to about 35 g/L, about 30 g/L to about 40 g/L, about 30 g/L to
about 45 g/L, about 30 g/L to about 50 g/L, about 35 g/L to about 40 g/L, about 35 g/L to about
45 g/L, about 35 g/L to about 50 g/L, about 40 g/L to about 45 g/L, about 40 g/L to about 50 g/L,
or about 45 g/L to about 50 g/L. In some embodiments, the methods herein are used to obtain a
yield of active, soluble, and/or intact recombinant protein of interest of about 0.1 g/L, about 1
g/L, about 5 g/L, about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L, about 30 g/L, about 35
g/L, about 40 g/L., about 45 g/L, or about 50 g/L. In some embodiments, the methods herein are
used to obtain a yield of active, soluble, and/or intact recombinant protein of interest of at least
about 0.1 g/L, about 1 g/L, about 5 g/L, about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L,
about 30 g/L, about 35 g/L, about 40 g/L, or about 45 g/L. In some embodiments, the methods
herein are used to obtain a yield of active, soluble, and/or intact recombinant protein of interest of
at most about 1 g/L, about 5 g/L, about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L, about
30 g/L, about 35 g/L, about 40 g/L, about 45 g/L, or about 50 g/L. In some embodiments, the
methods herein are used to obtain a yield of active, soluble, and/or intact recombinant protein of
interest of about 0.1 g/L to about 10 g/L. In some embodiments, the methods herein are used to
obtain a yield of active, soluble, and/or intact recombinant protein of interest of about 0.1 g/L to
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about 0.5 g/L, about 0.1 g/L to about 1 g/L, about 0.1 g/L to about 2 g/L, about 0.1 g/L to about 3
g/L, about 0.1 g/L to about 4 g/L, about 0.1 g/L to about 5 g/L, about 0.1 g/L to about 6 g/L,
about 0.1 g/L to about 7 g/L, about 0.1 g/L to about 8 g/L, about 0.1 g/L to about 9 g/L, about 0.1
g/L to about 10 g/L, about 0.5 g/L to about 1 g/L, about 0.5 g/L to about 2 g/L, about 0.5 g/L to
about 3 g/L, about 0.5 g/L to about 4 g/L, about 0.5 g/L to about 5 g/L, about 0.5 g/L to about 6
g/L, about 0.5 g/L to about 7 g/L, about 0.5 g/L to about 8 g/L, about 0.5 g/L to about 9 g/L,
about 0.5 g/L to about 10 g/L, about 1 g/L to about 2 g/L, about 1 g/L to about 3 g/L, about 1 g/L
to about 4 g/L, about 1 g/L to about 5 g/L, about 1 g/L to about 6 g/L, about 1 g/L to about 7 g/L,
about 1 g/L to about 8 g/L, about 1 g/L to about 9 g/L, about 1 g/L to about 10 g/L, about 2 g/L.
to about 3 g/L, about 2 g/L to about 4 g/L, about 2 g/L to about 5 g/L, about 2 g/L to about 6 g/L,
about 2 g/L to about 7 g/L, about 2 g/L to about 8 g/L, about 2 g/L to about 9 g/L, about 2 g/L to
about 10 g/L, about 3 g/L to about 4 g/L, about 3 g/L to about 5 g/L, about 3 g/L to about 6 g/L,
about 3 g/L to about 7 g/L, about 3 g/L to about 8 g/L, about 3 g/L to about 9 g/L, about 3 g/L to
about 10 g/L, about 4 g/L to about 5 g/L, about 4 g/L to about 6 g/L, about 4 g/L to about 7 g/L,
about 4 g/L to about 8 g/L, about 4 g/L to about 9 g/L, about 4 g/L to about 10 g/L, about 5 g/L.
to about 6 g/L, about 5 g/L to about 7 g/L, about 5 g/L to about 8 g/L, about 5 g/L to about 9 g/L,
about 5 g/L to about 10 g/L, about 6 g/L to about 7 g/L, about 6 g/L to about 8 g/L, about 6 g/L.
to about 9 g/L, about 6 g/L to about 10 g/L, about 7 g/L to about 8 g/L, about 7 g/L to about 9
g/L, about 7 g/L to about 10 g/L, about 8 g/L to about 9 g/L, about 8 g/L to about 10 g/L, or
about 9 g/L to about 10 g/L. In some embodiments, the methods herein are used to obtain a yield
of active, soluble, and/or intact recombinant protein of interest of about 0.1 g/L, about 0.5 g/L,
about 1 g/L, about 2 g/L, about 3 g/L, about 4 g/L., about 5 g/L, about 6 g/L, about 7 g/L, about 8
g/L, about 9 g/L, or about 10 g/L. In some embodiments, the methods herein are used to obtain a
yield of active, soluble, and/or intact recombinant protein of interest of at least about 0.1 g/L,
about 0.5 g/L, about 1 g/L, about 2 g/L, about 3 g/L, about 4 g/L, about 5 g/L, about 6 g/L, about
7 g/L, about 8 g/L, or about 9 g/L. In some embodiments, the methods herein are used to obtain a
yield of active, soluble, and/or intact recombinant protein of interest of at most about 0.5 g/L,
about 1 g/L, about 2 g/L, about 3 g/L, about 4 g/L, about 5 g/L, about 6 g/L, about 7 g/L, about 8
g/L, about 9 g/L, or about 10 g/L.. In some embodiments, the methods herein are used to obtain a
yield of active, soluble, and/or intact recombinant protein of interest of about 0.2 to about 5 g/L.
In some embodiments, the methods herein are used to obtain a yield of active, soluble, and/or
intact recombinant protein of interest of about 0.2 g/L. to about 5 g/L. In some embodiments, the
methods herein are used to obtain a yield of active, soluble, and/or intact recombinant protein of
interest of about 0.2 g/L to about 0.3 g/L, about 0.2 g/L to about 0.4 g/L, about 0.2 g/L to about
0.5 g/L, about 0.2 g/L to about 0.75 g/L, about 0.2 g/L to about 1 g/L, about 0.2 g/L to about 1.25
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g/L, about 0.2 ¢/L to about 1.5 g/L, about 0.2 g/L to about 2 g/L, about 0.2 g/L to about 3 g/L,
about 0.2 g/L to about 4 g/L, about 0.2 g/L to about 5 g/L, about 0.3 g/L to about 0.4 g/L, about
0.3 g/LL to about 0.5 g/L, about 0.3 g/L to about 0.75 g/L, about 0.3 g/L to about 1 g/L, about 0.3
g/L to about 1.25 g/L, about 0.3 g/L to about 1.5 g/L, about 0.3 g/L to about 2 g/L, about 0.3 g/LL
to about 3 g/L, about 0.3 g/L to about 4 g/L, about 0.3 g/L to about 5 g/L, about 0.4 g/L to about
0.5 g/L, about 0.4 g/L to about 0.75 g/L, about 0.4 /L to about 1 g/L, about 0.4 g/L to about 1.25
g/L, about 0.4 g/L to about 1.5 g/L, about 0.4 g/L to about 2 g/L, about 0.4 g/L to about 3 g/L,
about 0.4 g/L to about 4 g/L, about 0.4 g/L to about 5 g/L, about 0.5 g/L to about 0.75 g/L, about
0.5 g/l to about 1 g/L, about 0.5 g/L to about 1.25 g/L, about 0.5 g/L to about 1.5 g/L., about 0.5
g/L to about 2 g/L., about 0.5 g/L to about 3 g/L, about 0.5 g/L to about 4 g/L, about 0.5 g/L to
about 5 g/L, about 0.75 g/L to about 1 g/L, about 0.75 g/L to about 1.25 g/L, about 0.75 g/L to
about 1.5 g/L, about 0.75 g/L to about 2 g/L, about 0.75 g/L to about 3 g/L, about 0.75 g/L to
about 4 g/L, about 0.75 g/L to about 5 g/L, about 1 g/L to about 1.25 g/L, about 1 g/L to about
1.5 g/L, about 1 g/LL to about 2 g/L, about 1 g/L to about 3 g/L, about 1 g/L to about 4 g/L, about
1 g/L to about 5 g/L, about 1.25 g/L to about 1.5 g/L, about 1.25 g/L to about 2 g/L, about 1.25
g/L to about 3 g/L, about 1.25 g/L to about 4 g/L, about 1.25 g/L to about 5 g/L, about 1.5 g/L to
about 2 g/L, about 1.5 g/L to about 3 g/L, about 1.5 g/L to about 4 g/L, about 1.5 g/L to about 5
g/L, about 2 g/L to about 3 g/L, about 2 g/L to about 4 g/L., about 2 g/L to about 5 g/L, about 3
g/L to about 4 g/L, about 3 g/L to about 5 g/L, or about 4 g/L to about 5 g/L. In some
embodiments, the methods herein are used to obtain a yield of active, soluble, and/or intact
recombinant protein of interest of about 0.2 g/L, about 0.3 g/L, about 0.4 g/L, about 0.5 g/L,
about 0.75 g/L, about 1 g/L, about 1.25 g/L, about 1.5 g/L, about 2 g/L, about 3 g/L, about 4 g/L,
or about 5 g/L. In some embodiments, the methods herein are used to obtain a yield of active,
soluble, and/or intact recombinant protein of interest of at least about 0.2 g/L, about 0.3 g/L,
about 0.4 g/L, about 0.5 g/L, about 0.75 g/L, about 1 g/L, about 1.25 g/L, about 1.5 g/L, about 2
g/L, about 3 g/L, or about 4 g/L. In some embodiments, the methods herein are used to obtain a
yield of active, soluble, and/or intact recombinant protein of interest of at most about 0.3 g/L,
about 0.4 g/L, about 0.5 g/L, about 0.75 g/L, about 1 g/L, about 1.25 g/L, about 1.5 g/L, about 2
g/L, about 3 g/L, about 4 g/L, or about 5 g/L.

[0270] In embodiments, the amount of active, soluble, and/or intact recombinant protein of
interest is about 10% to about 100% of the amount of the total active, soluble, and/or intact
recombinant protein of interest produced. In embodiments, this amount is about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95% or about 99%, or about 100% of the amount of the active, soluble, and/or intact recombinant
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protein of interest produced. In embodiments, this amount is about 10% to about 20%, 20% to
about 50%, about 25% to about 50%, about 25% to about 50%, about 25% to about 95%, about
30% to about 50%, about 30% to about 40%, about 30% to about 60%, about 30% to about 70%,
about 35% to about 50%, about 35% to about 70%, about 35% to about 75%, about 35% to about
95%., about 40% to about 50%, about 40% to about 95%, about 50% to about 75%, about 50% to
about 95%, about 70% to about 95%, or about 80 to about 100% of the amount of the active,
soluble, and/or intact recombinant protein of interest produced.

[0271] In some embodiments, the amount of active, soluble, and/or intact recombinant protein of
interest is expressed as a percentage of the total active, soluble, and/or intact protein produced in
a culture. Data expressed in terms of active, soluble, and/or intact recombinant protein of interest
weight/volume of cell culture at a given cell density can be converted to data expressed as
percent recombinant protein of total cell protein. It is within the capabilities of a skilled artisan
to convert volumetric protein yield to % total cell protein, for example, knowing the amount of
total cell protein per volume of cell culture at the given cell density. This number can be
determined if one knows 1) the cell weight/volume of culture at the given cell density, and 2) the
percent of cell weight comprised by total protein. For example, at an OD550 of 1.0, the dry cell
weight of £. coli is reported to be 0.5 grams/liter (“Production of Heterologous Proteins from
Recombinant DNA Escherichia coli in Bench Fermentors,” Lin, N.S., and Swartz, JR., 1992,
METHODS: A Companion to Methods in Enzymology 4: 159-168). A bacterial cell is
comprised of polysaccharides, lipids, and nucleic acids, as well as proteins. An . coli cell is
reported to be about 52.4 to 55% protein by references including, but not limited to, Da Silva,
N.A,, etal., 1986, “Theoretical Growth Yield Estimates for Recombinant Cells,” Biotechnology
and Bioengineering, Vol. XXVIII: 741-746 , estimating protein to make up 52.4% by weight of
E. coli cells, and “Escherichia coli and Salmonella typhimurium Cellular and Molecular
Biology,” 1987, Ed. in Chief Frederick C. Neidhardt, Vol. 1, pp. 3-6, reporting protein content in
E. coli as 55% dry cell weight. Using the measurements above (i.e., a dry cell weight of 0.5
grams/liter, and protein as 55% cell weight), the amount of total cell protein per volume of cell
culture at an A550 of 1.0 for E. coli is calculated as 275 pg total cell protein/ml/A550. A
calculation of total cell protein per volume of cell culture based on wet cell weight can use, e.g.,
the determination by Glazyrina, et al. (Microbial Cell Factories 2010, 9:42, incorporated herein
by reference) that an A600 of 1.0 for L. coli resulted in a wet cell weight of 1.7 grams/liter and a
dry cell weight of 0.39 grams/liter. For example, using this wet cell weight to dry cell weight
comparison, and protein as 55% dry cell weight as described above, the amount of total cell
protein per volume of cell culture at an A600 of 1.0 for F. coli can be calculated as 215 g total
cell protein/ml/A600. For Pseudomonas fluorescens, the amount of total cell protein per volume

111



WO 2022/261377 PCT/US2022/032911

of cell culture at a given cell density is similar to that found for E. coli. P. fluorescens, like E.
coli, is a gram-negative, rod-shaped bacterium. The dry cell weight of P. fluorescens ATCC
11150 as reported by Edwards, et al., 1972, “Continuous Culture of Pseudomonas fluorescens
with Sodium Maleate as a Carbon Source,” Biotechnology and Bioengineering, Vol. XIV, pages
123-147, s 0.5 grams/liter/A500. This is the same weight reported by Lin, et al., for E. coli at an
A550 of 1.0. Light scattering measurements made at 500nm and at 550nm are expected to be
very similar. The percent of cell weight comprised by total cell protein for P. fluorescens HK44
1s described as 55% by, e.g., Yarwood, et al., July 2002, “Noninvasive Quantitative Measurement
of Bacterial Growth in Porous Media under Unsaturated-Flow Conditions,” Applied and
Environmental Microbiology 68(7):3597-3605. This percentage is similar to or the same as those
given for E. coli by the references described above.

[0272] In embodiments, the amount of active, soluble, and/or intact recombinant protein of
interest produced is about 0.1% to about 95% of the total active, soluble, and/or intact protein
produced in a culture. In embodiments, this amount is more than about 0.1%, 0.5%, 1%, 5%,
10%, 15%, 20%, 25%, 30%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or
95% of the total active, soluble, and/or intact protein produced in a culture. In embodiments, this
amount is about 0.1%, 0.5%, 1%, 5%, 10%, 15%, 20%, 25%, 30%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, or 95% of the total active, soluble, and/or intact protein
produced in a culture. In embodiments, this amount is about 5% to about 95%, about 10% to
about 85%, about 20% to about 75%, about 30% to about 65%, about 40% to about 55%, about
1% to about 95%, about 5% to about 30%, about 1% to about 10%, about 10% to about 20%,
about 20% to about 30%, about 30% to about 40%, about 40% to about 50%, about 50 to about
60%, about 60% to about 70%, or about 80% to about 90% of the total active, soluble, and/or
intact protein produced in a culture.

[0273] In embodiments, the amount of active, soluble, and/or intact recombinant protein of
interest produced is about 0.1% to about 50% of the dry cell weight (DCW). In embodiments,
this amount is more than about 0.1%, 0.5%, 1%, 5%, 10%, 15%, 20%, 25%, 30%, 40%, 45%, or
50% of DCW. In embodiments, this amount is about 0.1%, 0.5%, 1%, 5%, 10%, 15%, 20%,
25%, 30%, 40%, 45%, or 50% of DCW. In embodiments, this amount is about 5% to about
50%, about 10% to about 40%, about 20% to about 30%, about 1% to about 20%, about 5% to
about 25%, about 1% to about 10%, about 10% to about 20%, about 20% to about 30%, about
30% to about 40%, or about 40% to about 50% of the total active, soluble, and/or intact protein
produced in a culture.

[0274] In embodiments, the amount of an active, soluble, and/or intact recombinant protein of
interest produced using the methods of the invention is greater than the amount of the protein
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produced by a control host cell under substantially similar conditions, e.g., the same growth
conditions. A control host cell may be a host cell that is the same in all respects to the
recombinant gram-negative host cell, but that (a) is not deficient in one or more activities
deficient in the recombinant gram-negative host cell, (b) does not overexpress one or more
chaperones, folding modulators, or inactivated proteases that are overexpressed in the
recombinant gram-negative host cell, or (¢) any combination of (a) and (b). A control host cell
may be a host cell that has the wild-type background of the recombinant gram-negative host cell,
but that (a) is not deficient in one or more activities deficient in the recombinant gram-negative
host cell, (b) does not overexpress one or more chaperones, folding modulators, or inactivated
proteases that are overexpressed in the recombinant gram-negative host cell, or (¢) any
combination of (a) and (b). In some embodiments, an active, soluble, and/or intact recombinant
protein of interest produced according to the present methods using a recombinant gram-negative
host cell of the invention, is produced in an amount greater than the amount of the protein
produced by a control host cell. In some embodiments, an active, soluble, and/or intact
recombinant protein of interest produced by a recombinant gram-negative host cell of the
invention is produced at a yield that is about 1.5 fold to about 10 fold. In some embodiments, an
active, soluble, and/or intact recombinant protein of interest produced by a recombinant gram-
negative host cell of the invention is produced at a yield that is about 1.5 fold to about 2 fold,
about 1.5 fold to about 2.5 fold, about 1.5 fold to about 3 fold, about 1.5 fold to about 3.5 fold,
about 1.5 fold to about 4 fold, about 1.5 fold to about 5 fold, about 1.5 fold to about 6 fold, about
1.5 fold to about 7 fold, about 1.5 fold to about 8 fold, about 1.5 fold to about 9 fold, about 1.5
fold to about 10 fold, about 2 fold to about 2.5 fold, about 2 fold to about 3 fold, about 2 fold to
about 3.5 fold, about 2 fold to about 4 fold, about 2 fold to about 5 fold, about 2 fold to about 6
fold, about 2 fold to about 7 fold, about 2 fold to about 8 fold, about 2 fold to about 9 fold, about
2 fold to about 10 fold, about 2.5 fold to about 3 fold, about 2.5 fold to about 3.5 fold, about 2.5
fold to about 4 fold, about 2.5 fold to about 5 fold, about 2.5 fold to about 6 fold, about 2.5 fold
to about 7 fold, about 2.5 fold to about 8 fold, about 2.5 fold to about 9 fold, about 2.5 fold to
about 10 fold, about 3 fold to about 3.5 fold, about 3 fold to about 4 fold, about 3 fold to about 5
fold, about 3 fold to about 6 fold, about 3 fold to about 7 fold, about 3 fold to about 8 fold, about
3 fold to about 9 fold, about 3 fold to about 10 fold, about 3.5 fold to about 4 fold, about 3.5 fold
to about 5 fold, about 3.5 fold to about 6 fold, about 3.5 fold to about 7 fold, about 3.5 fold to
about 8 fold, about 3.5 fold to about 9 fold, about 3.5 fold to about 10 fold, about 4 fold to about
5 fold, about 4 fold to about 6 fold, about 4 fold to about 7 fold, about 4 fold to about 8 fold,
about 4 fold to about 9 fold, about 4 fold to about 10 fold, about 5 fold to about 6 fold, about 5
fold to about 7 fold, about 5 fold to about 8 fold, about 5 fold to about 9 fold, about 5 fold to
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about 10 fold, about 6 fold to about 7 fold, about 6 fold to about 8 fold, about 6 fold to about 9
fold, about 6 fold to about 10 fold, about 7 fold to about 8 fold, about 7 fold to about 9 fold,
about 7 fold to about 10 fold, about 8 fold to about 9 fold, about 8 fold to about 10 fold, or about
9 fold to about 10 fold greater than the amount of the protein produced by a control host cell. In
some embodiments, an active, soluble, and/or intact recombinant protein of interest produced by
a recombinant gram-negative host cell of the invention is produced at a yield that is about 1.5
fold, about 2 fold, about 2.5 fold, about 3 fold, about 3.5 fold, about 4 fold, about 5 fold, about 6
fold, about 7 fold, about 8 fold, about 9 fold, or about 10 fold greater than the amount of the
protein produced by a control host cell. In some embodiments, active, soluble, and/or intact
recombinant protein of interest produced by a recombinant gram-negative host cell of the
invention is produced at a yield that is at least about 1.5 fold, about 2 fold, about 2.5 fold, about 3
fold, about 3.5 fold, about 4 fold, about 5 fold, about 6 fold, about 7 fold, about 8 fold, or about 9
fold greater than the amount of the protein produced by a control host cell. In some
embodiments, active, soluble, and/or intact recombinant protein of interest produced by a
recombinant gram-negative host cell of the invention is produced at a yield that is at most about 2
fold, about 2.5 fold, about 3 fold, about 3.5 fold, about 4 fold, about 5 fold, about 6 fold, about 7
fold, about 8 fold, about 9 fold, or about 10 fold greater than the amount of the protein produced
by a control host cell.

Activity assays

[0275] Assays for evaluating the activity of a recombinant protein of interest are known in the art
and include but are not limited to fluorometric, colorometric, chemiluminescent,
spectrophotometric, and other enzyme assays available to one of skill in the art. A binding
protein such as an antibody, antibody fragment, or derivative thereof may be evaluated by any
appropriate target binding assay known in the art. These assays may be used to compare activity
of a preparation of a recombinant protein of interest to a commercial or other preparation of the
recombinant protein.

[0276] In embodiments, activity is represented by the percent active protein in the extract
supernatant as compared with the total amount assayed. This is based on the amount of protein
determined to be active by the assay relative to the total amount of protein used in assay. In other
embodiments, activity is represented by the % activity level of the protein compared to a
standard, e.g., native protein. This is based on the amount of active protein in supernatant extract
sample relative to the amount of active protein in a standard sample (where the same amount of
protein from each sample is used in assay).

[0277] In embodiments, about 40% to about 100% of the peptide, polypeptide or protein of
interest, is determined to be active. In embodiments, about 40%, about 50%, about 60%, about
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70%, about 80%, about 90%, or about 100% of the peptide, polypeptide or protein of interest is
determined to be active. In embodiments, about 40% to about 50%, about 50% to about 60%,
about 60% to about 70%, about 70% to about 80%, about 80% to about 90%, about 90% to about
100%, about 50% to about 100%, about 60% to about 100%, about 70% to about 100%, about
80% to about 100%, about 40% to about 90%, about 40% to about 95%, about 50% to about
90%, about 50% to about 95%, about 50% to about 100%, about 60% to about 90%, about 60%
to about 95%, about 60% to about 100%, about 70% to about 90%, about 70% to about 95%,
about 70% to about 100%, or about 70% to about 100% of the peptide, polypeptide or protein of
interest is determined to be active.

[0278] In other embodiments, about 75% to about 100% of the peptide, polypeptide or protein of
interest is determined to be active. In embodiments, about 75% to about 80%, about 75% to
about 85%, about 75% to about 90%, about 75% to about 95%, about 80% to about 85%, about
80% to about 90%, about 80% to about 95%, about 80% to about 100%, about 85% to about
90%, about 85% to about 95%, about 85% to about 100%, about 90% to about 95%, about 90%
to about 100%, or about 95% to about 100% of the peptide, polypeptide or protein of interest is
determined to be active.

[0279] SImT Secretion Signal Peptide

[0280] Compositions and methods for producing high levels of properly processed recombinant
proteins or polypeptides in a host cell are provided. In some aspects, a novel secretion signal,
Simt, that promotes the targeting of the recombinant protein or polypeptide of interest to the
periplasm of Gram-negative bacteria or into the extracellular environment is provided. The Slmt
periplasmic secretion signal peptide disclosed herein enables transport of proteins across the
inner membrane to the periplasmic space in Gram negative bacteria. In some aspects, Slmt
periplasmic secretion signal peptide provided herein promotes the targeting of the recombinant
protein or polypeptide of interest to the extracellular space in Gram-positive bacteria.
Periplasmic protein expression allows for proper formation of disulfide bonds in the periplasm
and can result in high level recombinant protein expression. Expression to the periplasmic space
may enable more efficient recovery / purification of the recombinant protein. For the purposes of

2 ¢

the present disclosure, a “secretion signal,” “secretion leader,” “secretion signal polypeptide,”
“signal peptide,” “leader peptide” or “leader sequence” are intended to refer to a peptide
sequence (or the polynucleotide encoding the peptide sequence) that is useful for targeting a
protein or polypeptide of interest to a cell compartment, e.g., the periplasm of Gram-negative
bacteria or into the extracellular space. The secretion signal sequence includes the SImt secretion
signal (amino acid sequence set forth in SEQ ID NO: 11), and fragments and variants thereof.
One example of a nucleotide sequence encoding SEQ ID NO: 11 and useful in the present
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methods is provided in SEQ ID NO: 12. As known to those of skill in the art, an amino acid
sequence can be encoded by different nucleotide sequences due to the redundancy in the genetic
code. The compositions and methods of the present invention thus may include the same
secretion signal amino acid sequence whilst encoded by different nucleotide sequences. Also
provided herein are fragments and variants of the secretion signal peptide sequence that can
direct periplasmic expression of an operably linked recombinant protein or polypeptide of
interest.

[0281] A secretion signal coding sequence that encodes the amino acid sequence as set forth in
SEQ ID NO: 11 may be fused to the N-terminus of a sequence encoding a heterologous
recombinant protein or polypeptide of interest to be expressed and targeted to the host cell
periplasm or into the extracellular space. As used herein with regard to a heterologous secretion
signal and protein or polypeptide of interest, a “heterologous” secretion signal peptide is not
native to the protein or polypeptide of interest. Conversely, with regard to a secretion signal
peptide, a “heterologous” protein or polypeptide of interest is not native to the secretion signal.
With regard to SEQ ID NO: 11, a heterologous protein or polypeptide of interest is one that is not
P. fluorescens Soluble lytic murein transglycosylase (SImT). With regard to a construct
comprising a secretion signal coding sequence that encodes the amino acid sequence as set forth
in SEQ ID NO: 11, a sequence encoding a heterologous protein or polypeptide of interest is one
that does not encode P. fluorescens Soluble lytic murein transglycosylase (SImT). In the context
of the host cell, the term heterologous may refer to a protein or polypeptide of interest that is not
native to a particular host cell.

[0282] The invention includes a method of producing a protein or polypeptide of interest in a
prokaryotic host cell, comprising producing the protein or polypeptide of interest in the periplasm
of a prokaryotic host cell cultured in a cell culture growth medium, wherein the prokaryotic host
cell comprises an expression construct comprising a nucleic acid encoding a recombinant
polypeptide comprising the protein or polypeptide of interest operably linked to a secretion signal
peptide that directs expression of the protein or polypeptide of interest to the periplasm of the
prokaryotic host cell, wherein the secretion signal peptide comprises the amino acid sequence of
SEQ ID NO: 11, and wherein the secretion signal peptide is not native to the protein or
polypeptide of interest.

[0283] In some embodiments, the protein or polypeptide of interest is expressed in the periplasm
properly cleaved from the secretion signal peptide, e.g., SEQ ID NO: 11. In some embodiments,
the secretion signal peptide directs expression of the protein or polypeptide of interest to the
periplasm or the extracellular space of a prokaryotic host cell in properly cleaved form, soluble
form, active form, or any combination thereof. A correctly or properly cleaved or processed
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protein or polypeptide of interest may have an intact or substantially intact N-terminus. In some
embodiments, the properly cleaved protein or polypeptide of interest having an intact or
substantially intact N-terminus comprises the N-terminal methionine. In some embodiments, the
properly cleaved protein or polypeptide of interest having an intact or substantially intact N-
terminus does not comprise the N-terminal methionine. A protein or polypeptide of interest may
require a substantially intact N-terminus for activity, solubility, or both. In some embodiments, a
protein or polypeptide of interest has about 80-100% activity when compared to a control. In
some embodiments, the control is the same protein or polypeptide of interest that comprises an
N-terminal methionine. In some embodiments, the control is the same protein or polypeptide of
interest that does not comprise an N-terminal methionine. In some embodiments, the control is
the same protein or polypeptide of interest that has a substantially intact N-terminus. In some
embodiments, the expressed or produced protein or polypeptide of interest has an activity relative
to a control of about 80% to about 100%. In some embodiments, a protein or polypeptide of
interest having a substantially intact N-terminus has an activity relative to a control of about 80%
to about 85%, about 80% to about 90%, about 80% to about 92%, about 80% to about 94%,
about 80% to about 95%, about 80% to about 96%, about 80% to about 97%, about 80% to about
98%, about 80% to about 99%, about 80% to about 100%, about 85% to about 90%, about 85%
to about 92%, about 85% to about 94%, about 85% to about 95%, about 85% to about 96%,
about 85% to about 97%, about 85% to about 98%, about 85% to about 99%, about 85% to about
100%, about 90% to about 92%, about 90% to about 94%, about 90% to about 95%, about 90%
to about 96%, about 90% to about 97%, about 90% to about 98%, about 90% to about 99%,
about 90% to about 100%, about 92% to about 94%, about 92% to about 95%, about 92% to
about 96%, about 92% to about 97%, about 92% to about 98%, about 92% to about 99%, about
92% to about 100%, about 94% to about 95%, about 94% to about 96%, about 94% to about
97%, about 94% to about 98%, about 94% to about 99%, about 94% to about 100%, about 95%
to about 96%, about 95% to about 97%, about 95% to about 98%, about 95% to about 99%,
about 95% to about 100%, about 96% to about 97%, about 96% to about 98%, about 96% to
about 99%, about 96% to about 100%, about 97% to about 98%, about 97% to about 99%, about
97% to about 100%, about 98% to about 99%, about 98% to about 100%, or about 99% to about
100%. In some embodiments, a protein or polypeptide of interest having a substantially intact N-
terminus has an activity relative to a control of about 80%, about 85%, about 90%, about 92%,
about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100%. In some
embodiments, a protein or polypeptide of interest having a substantially intact N-terminus has an
activity relative to a control of at least about 80%, about 85%, about 90%, about 92%, about
94%, about 95%, about 96%, about 97%, about 98%, or about 99%. In some embodiments, a
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protein or polypeptide of interest having a substantially intact N-terminus has an activity relative
to a control of at most about 85%, about 90%, about 92%, about 94%, about 95%, about 96%,
about 97%, about 98%, about 99%, or about 100%.

[0284] In some embodiments, the process produces correctly processed periplasmic or
extracellular protein at about 0.1 g/L to about 50 g/L.. In some embodiments, the process
produces correctly processed periplasmic or extracellular protein at about 0.1 g/L to about 3 g/L.
In some embodiments, the process produces correctly processed periplasmic or extracellular
protein at about 0.1 g/L to about 0.2 g/L, about 0.1 g/L to about 0.3 g/L, about 0.1 g/L to about
0.4 g/L, about 0.1 g/L to about 0.5 g/L, about 0.1 g/L. to about 0.6 g/L., about 0.1 g/L to about 0.7
g/L, about 0.1 g/L to about 0.8 g/L, about 0.1 g/L to about 0.9 g/L, about 0.1 g/L to about 1 g/L,
about 0.1 g/L to about 2 g/L, about 0.1 g/L to about 3 g/L, about 0.2 g/L to about 0.3 g/L, about
0.2 g/LL to about 0.4 g/L, about 0.2 g/L to about 0.5 g/L, about 0.2 g/L to about 0.6 g/L, about 0.2
g/L to about 0.7 g/L, about 0.2 g/L to about 0.8 g/L, about 0.2 g/L to about 0.9 g/L, about 0.2 g/L
to about 1 g/L, about 0.2 g/L to about 2 g/L, about 0.2 g/L to about 3 g/L, about 0.3 g/L to about
0.4 g/L, about 0.3 g/L to about 0.5 g/L, about 0.3 g/L to about 0.6 g/L, about 0.3 g/L to about 0.7
g/L, about 0.3 g/L to about 0.8 g/L, about 0.3 g/L to about 0.9 g/L, about 0.3 g/L to about 1 g/L,
about 0.3 g/L to about 2 g/L, about 0.3 g/L to about 3 g/L, about 0.4 g/L to about 0.5 g/L, about
0.4 g/L to about 0.6 g/L, about 0.4 g/L to about 0.7 g/L, about 0.4 g/L to about 0.8 g/L, about 0.4
g/L to about 0.9 g/L, about 0.4 g/L to about 1 g/L, about 0.4 g/L to about 2 g/L, about 0.4 g/L to
about 3 g/L, about 0.5 g/L to about 0.6 g/L, about 0.5 g/L to about 0.7 g/L, about 0.5 g/L to about
0.8 g/L, about 0.5 g/L to about 0.9 g/L, about 0.5 g/L to about 1 g/L, about 0.5 g/L to about 2
g/L, about 0.5 g/L to about 3 g/L, about 0.6 g/L to about 0.7 g/L, about 0.6 g/L to about 0.8 g/L,
about 0.6 g/L to about 0.9 g/L., about 0.6 g/L to about 1 g/L, about 0.6 g/L to about 2 g/L, about
0.6 g/L to about 3 g/L, about 0.7 g/L to about 0.8 g/L, about 0.7 g/L to about 0.9 g/L., about 0.7
g/L to about 1 g/L, about 0.7 g/L to about 2 g/L, about 0.7 g/L to about 3 g/L, about 0.8 g/L to
about 0.9 g/L, about 0.8 g/L to about 1 g/L, about 0.8 g/L to about 2 g/L, about 0.8 g/L to about 3
g/L, about 0.9 g/L to about 1 g/L, about 0.9 g/L to about 2 g/L, about 0.9 g/L to about 3 g/L,
about 1 g/L to about 2 g/L, about 1 g/L to about 3 g/L, or about 2 g/L to about 3 g/L. In some
embodiments, the process produces correctly processed periplasmic or extracellular protein at
about 0.1 g/L, about 0.2 g/L, about 0.3 g/L., about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, about 0.7
g/L, about 0.8 g/L, about 0.9 g/L, about 1 g/L, about 2 g/L, or about 3 g/L. In some embodiments,
the process produces correctly processed periplasmic or extracellular protein at at least about 0.1
g/L, about 0.2 g/L, about 0.3 g/L, about 0.4 g/L, about 0.5 g/L, about 0.6 g/L, about 0.7 g/L,
about 0.8 g/L, about 0.9 g/L, about 1 g/L, or about 2 g/L. In some embodiments, the process
produces correctly processed periplasmic or extracellular protein at at most about 0.2 g/L, about
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0.3 g/L, about 0.4 /L, about 0.5 g/L, about 0.6 g/L, about 0.7 g/L, about 0.8 g/L, about 0.9 g/L,
about 1 g/L, about 2 g/L, or about 3 g/L.. In some embodiments, the process produces correctly
processed periplasmic or extracellular protein at about 0.1 g/L to about 50 g/L.. In some
embodiments, the process produces correctly processed periplasmic or extracellular protein at
about 0.1 g/L to about 0.5 g/L., about 0.1 g/L to about 1 g/L, about 0.1 g/L to about 2 g/L, about
0.1 g/L to about 5 g/L, about 0.1 g/L to about 10 g/L, about 0.1 /L to about 15 g/L, about 0.1
g/L to about 20 g/L, about 0.1 g/L to about 25 g/L, about 0.1 g/L to about 30 g/L, about 0.1 g/L
to about 40 g/L, about 0.1 g/L to about 50 g/L, about 0.5 g/L to about 1 g/L, about 0.5 g/L to
about 2 g/L, about 0.5 g/L to about 5 g/L, about 0.5 g/L to about 10 g/L, about 0.5 g/L to about
15 g/L, about 0.5 g/L to about 20 g/L, about 0.5 g/L to about 25 g/L, about 0.5 g/L to about 30
g/L, about 0.5 g/L to about 40 g/L, about 0.5 g/L to about 50 g/L, about 1 g/L to about 2 g/L,
about 1 g/L to about 5 g/L, about 1 g/L to about 10 g/L, about 1 g/L to about 15 g/L, about 1 g/L
to about 20 g/L, about 1 g/L to about 25 g/L, about 1 g/L to about 30 g/L, about 1 g/L to about 40
g/L, about 1 g/L to about 50 g/L, about 2 g/L. to about 5 g/L, about 2 g/L to about 10 g/L, about 2
g/L to about 15 g/L, about 2 g/L to about 20 g/L, about 2 g/L to about 25 g/L, about 2 g/L to
about 30 g/L, about 2 g/L to about 40 g/L, about 2 g/L to about 50 g/L, about 5 g/L to about 10
g/L, about 5 g/L to about 15 g/L, about 5 g/L to about 20 g/L, about 5 g/L to about 25 g/L, about
5 g/L to about 30 g/L, about 5 g/L to about 40 g/L, about 5 g/L to about 50 g/L, about 10 g/L to
about 15 g/L, about 10 g/L to about 20 g/L, about 10 g/L to about 25 g/L, about 10 g/L to about
30 g/L, about 10 g/L to about 40 g/L, about 10 g/L to about 50 g/L, about 15 g/L to about 20 g/L,
about 15 g/L to about 25 g/L, about 15 g/L to about 30 g/L, about 15 g/L to about 40 g/L, about
15 g/L to about 50 g/L, about 20 g/L to about 25 g/L, about 20 g/L to about 30 g/L, about 20 g/L
to about 40 g/L, about 20 g/L to about 50 g/L, about 25 g/L to about 30 g/L, about 25 g/L to
about 40 g/L, about 25 g/L to about 50 g/L, about 30 g/L to about 40 g/L, about 30 g/L to about
50 g/L, or about 40 g/L to about 50 g/L. In some embodiments, the process produces correctly
processed periplasmic or extracellular protein at about 0.1 g/L, about 0.5 g/L, about 1 g/L, about
2 g/L, about 5 g/L, about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L, about 30 g/L, about
40 g/L, or about 50 g/L. In some embodiments, the process produces correctly processed
periplasmic or extracellular protein at at least about 0.1 g/L, about 0.5 g/L, about 1 g/L, about 2
g/L, about 5 g/L, about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L., about 30 g/L, or about
40 g/L. In some embodiments, the process produces correctly processed periplasmic or
extracellular protein at at most about 0.5 g/L, about 1 g/L, about 2 g/L, about 5 g/L, about 10 g/L,
about 15 g/L, about 20 g/L, about 25 g/L, about 30 g/L, about 40 g/L, or about 50 g/L.

[0285] In some embodiments, the % of total recombinant protein or polypeptide that is produced
in correctly processed form is about 5 to about 100. In some embodiments, the % of total
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recombinant protein or polypeptide that is produced in correctly processed form is about 5 to
about 10, about 5 to about 20, about 5 to about 30, about 5 to about 40, about 5 to about 50, about
5 to about 60, about 5 to about 70, about 5 to about 80, about 5 to about 90, about 5 to about 95,
about 5 to about 100, about 10 to about 20, about 10 to about 30, about 10 to about 40, about 10
to about 50, about 10 to about 60, about 10 to about 70, about 10 to about 80, about 10 to about
90, about 10 to about 95, about 10 to about 100, about 20 to about 30, about 20 to about 40, about
20 to about 50, about 20 to about 60, about 20 to about 70, about 20 to about 80, about 20 to
about 90, about 20 to about 95, about 20 to about 100, about 30 to about 40, about 30 to about 50,
about 30 to about 60, about 30 to about 70, about 30 to about 80, about 30 to about 90, about 30
to about 95, about 30 to about 100, about 40 to about 50, about 40 to about 60, about 40 to about
70, about 40 to about 80, about 40 to about 90, about 40 to about 95, about 40 to about 100, about
50 to about 60, about 50 to about 70, about 50 to about 80, about 50 to about 90, about 50 to
about 95, about 50 to about 100, about 60 to about 70, about 60 to about 80, about 60 to about 90,
about 60 to about 95, about 60 to about 100, about 70 to about 80, about 70 to about 90, about 70
to about 95, about 70 to about 100, about 80 to about 90, about 80 to about 95, about 80 to about
100, about 90 to about 95, about 90 to about 100, or about 95 to about 100. In some
embodiments, the % of total recombinant protein or polypeptide that is produced in correctly
processed form is about 5, about 10, about 20, about 30, about 40, about 50, about 60, about 70,
about 80, about 90, about 95, or about 100. In some embodiments, the % of total recombinant
protein or polypeptide that is produced in correctly processed form is at least about 5, about 10,
about 20, about 30, about 40, about 50, about 60, about 70, about 80, about 90, or about 95. In
some embodiments, the % of total recombinant protein or polypeptide that is produced in
correctly processed form is at most about 10, about 20, about 30, about 40, about 50, about 60,
about 70, about 80, about 90, about 95, or about 100.

[0286] The following patents and patent applications are incorporated herein by reference in their
entirety, including as they relate to processing/cleavage and periplasmic expression of
recombinant proteins and polypeptides fused to secretion signal peptides: U.S. Pat. No.
7,618,799, “Bacterial leader sequences for increased expression,” in U.S. Pat. No. 7,985,564,
“Expression systems with Sec-system secretion,” in U.S. Pat. Nos. 9,394,571 and 9,580,719, both
titled “Method for Rapidly Screening Microbial Hosts to Identify Certain Strains with Improved
Yield and/or Quality in the Expression of Heterologous Proteins,” U.S. Pat. No. 9,453,251,
“Expression of Mammalian Proteins in Pseudomonas fluorescens,” U.S. Pat. No. 8,603,824,
“Process for Improved Protein Expression by Strain Engineering,” and U.S. Pat. No. 8,530,171,
“High Level Expression of Recombinant Toxin Proteins,” and U.S. Pat. Pub. No. 2019/0127744,
“Bacterial Leader Sequences for Periplasmic Protein Expression.”

120



WO 2022/261377 PCT/US2022/032911

[0287] In embodiments, the secretion signal sequence is identical to or substantially identical to a
secretion signal peptide set forth in SEQ ID NO: 11, and/or 1s encoded by a polynucleotide
sequence set forth in SEQ ID NO: 12. In another embodiment, the secretion signal sequence
comprises at least amino acids 2-29 of SEQ ID NO: 11. In yet another embodiment, the
secretion signal sequence comprises a fragment of SEQ ID NO: 11, which is truncated by 1, 2, 3,
4,5,6,7,8,9, or 10 amino acids from the amino terminus but retains biological activity, i.e.,
secretion signal activity.

[0288] In one embodiment the amino acid sequence of the peptide is a variant of a given original
peptide, wherein the sequence of the variant is obtainable by replacing up to or about 30% of the
original peptide's amino acid residues with other amino acid residue(s), including up to about
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, or 30%, provided that the variant
retains the desired function of the original peptide. A variant amino acid with substantial
homology will be at least about 70%, at least about 75%, at least about 80%, about 85%, about
90%, about 95%, about 96%, about 97%, about 98%, or at least about 99% homologous to the
original peptide. A variant amino acid sequence may be obtained in various ways including
amino acid substitutions, deletions, truncations, and insertions of one or more amino acids of
SEQ ID NO: 11. In some embodiments, a variant amino acid sequence comprises 1-9 amino acid
substitutions, deletions, insertions, or any combination thereof. In some embodiments, the
number of amino acid substitutions, deletions, insertions, or any combination thereof, in a variant
of SEQ ID NO: 11, is 1 to 10. In some embodiments, the number of amino acid substitutions,
deletions, insertions, or any combination thereof, in a variant of SEQ ID NO: 11,is 1t0 2, 1to 3,
1to4,1to5,1t06,1t07,1t08,1t09,11t010,2t03,2t04,2t05,2t06,2t07,2t08,2to
9,2t010,3t04,3t05,3t06,3t07,31t08,3t09,31t010,4t05,4t06,4t07,41t08,4t09, 4
t010,5t06,5t07,5t08,5t09,5t010,6t07,6t08,6t09,6t010,7to8,7t09, 7to 10, 8 to
9, 8 to 10, or 9 to 10. In some embodiments, the number of amino acid substitutions, deletions,
insertions, or any combination thereof, in a variant of SEQ ID NO: 11,is 1,2, 3,4, 5,6, 7, 8,9,
or 10. In some embodiments, the number of amino acid substitutions, deletions, insertions, or
any combination thereof, in a variant of SEQ ID NO: 11, is atleast 1,2,3,4,5,6,7,8,0r9. In
some embodiments, the number of amino acid substitutions, deletions, insertions, or any
combination thereof, in a variant of SEQ ID NO: 11, is at most 2, 3,4, 5,6, 7, 8,9, or 10.

2«

[0289] By “substantially homologous,” “substantially identical,” or “substantially similar” is
intended an amino acid or nucleotide sequence that has about or at least about 60%, about or at
least about 65%, about or at least about 70%, about or at least about 75%, about or at least about
80%, about or at least about 85%, about or at least about 81%, about or at least about 82%, about
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or at least about 83%, about or at least about 84%, about or at least about 85%, about or at least
about 86%, about or at least about 87%, about or at least about 88%, about or at least about 89%,
about or at least about 90%, about or at least about 91%, about or at least about 92%, about or at
least about 93%, about or at least about 94%, about or at least about 95%, about or at least about
96%, about or at least about 97%, about or at least about 98% or about or at least about 99%, or
greater sequence identity as compared to a reference sequence using a suitable alignment
program described herein or known in the art using standard parameters. One of skill in the art
will recognize that these values can be appropriately adjusted to determine corresponding identity
of proteins encoded by two nucleotide sequences by taking into account codon degeneracy,
amino acid similarity, reading frame positioning, and the like.

[0290] In embodiments, a secretion signal peptide used in the present invention may include one
or more modifications of a “non-essential” amino acid residue. In this context, a “non-essential”
amino acid residue is a residue that can be altered, e.g., deleted, substituted, or derivatized, in the
novel amino acid sequence without abolishing or substantially reducing the activity (e.g., the
agonist activity) of the original secretion signal peptide (also referred to as the “analog” or
“reference” peptide). In some embodiments, a secretion signal peptide may include one or more
modifications of an “essential” amino acid residue. In this context, an “essential” amino acid
residue is a residue that when altered, e.g., deleted, substituted, or derivatized, in the novel amino
acid sequence the activity of the reference peptide is substantially reduced or abolished. In such
embodiments where an essential amino acid residue is altered, the modified secretion signal
peptide may possess an activity of the original secretion signal. The substitutions, insertions and
deletions may be at the N-terminal or C-terminal end, or may be at internal portions of the
secretion signal. By way of example, the secretion signal peptide may include 1, 2, 3,4, 5, 6, 7,
8,9, 10, or more substitutions, both in a consecutive manner or spaced throughout the secretion
signal peptide. Alone or in combination with the substitutions, the secretion signal peptide may
include 1, 2,3, 4, 5, 6,7, 8,9, 10, or more insertions, again either in consecutive manner or
spaced throughout the secretion signal peptide. The secretion signal peptide, alone or in
combination with the substitutions and/or insertions, may also include 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
or more deletions, again either in consecutive manner or spaced throughout the peptide. The
secretion signal peptide, alone or in combination with the substitutions, insertions and/or
deletions, may also include 1,2, 3,4, 5,6, 7, 8,9, 10, or more amino acid additions.

[0291] Substitutions include conservative amino acid substitutions. A “conservative amino acid
substitution” is one in which the amino acid residue is replaced with an amino acid residue
having a similar side chain, or physicochemical characteristics (e.g., electrostatic, hydrogen
bonding, isosteric, hydrophobic features). The amino acids may be naturally occurring or
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unnatural. Families of amino acid residues having similar side chains are known in the art. These
families include amino acids with basic side chains (e.g. lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, methionine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, tryptophan), B-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine). Substitutions may also include non-conservative changes.

[0292] Variant proteins or polypeptide of interest encompassed herein are biologically active,
that is they continue to possess the desired biological activity of the original protein or
polypeptide of interest; for example, a variant secretion leader peptide retains secretion signal
activity. By “retains activity” is intended that the variant will have about or at least about 30%,
about or at least about 35%, about or at least about 40%, about or at least about 45%, about or at
least about 50%, about or at least about 55%, about or at least about 60%, about or at least about
65%, about or at least about 70%, about or at least about 75%, about or at least about 80%, about
or at least about 85%, about or at least about 81%, about or at least about 82%, about or at least
about 83%, about or at least about 84%, about or at least about 85%, about or at least about 86%,
about or at least about 87%, about or at least about 88%, about or at least about 89%, about or at
least about 90%, about or at least about 91%, about or at least about 92%, about or at least about
93%, about or at least about 94%, about or at least about 95%, about or at least about 96%, about
or at least about 97%, about or at least about 98% or about or at least about 99%, about or at least
about 100%, about or at least about 110%, about or at least about 125%, about or at least about
150%, about or at least about 200% or greater activity, e.g., secretion signal activity, of the
original peptide, protein, or polypeptide.

[0293] Polynucleotides

[0294] The disclosure also includes a nucleic acid with a sequence that encodes a novel secretion
signal useful for targeting a protein or polypeptide of interest to the periplasm of Gram-negative
bacteria or into the extracellular space. In one embodiment, the isolated polynucleotide encodes
a peptide sequence substantially homologous to a Slmt secretion signal peptide. In another
embodiment, the present disclosure provides a nucleic acid that encodes a peptide sequence
having substantial sequence identity to at least amino acids 2-29 of SEQ ID NO: 11, or provides
a nucleic acid having substantial sequence identity to a nucleotide sequence set forth as SEQ ID
NO: 12, including biologically active variants and fragments thereof. In another embodiment,
the nucleic acid sequence has about or at least about 60%, about or at least about 65%, about or
at least about 70%, about or at least about 75%, about or at least about 80%, about or at least
about 85%, about or at least about 81%, about or at least about 82%, about or at least about 83%,
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about or at least about 84%, about or at least about 85%, about or at least about 86%, about or at
least about 87%, about or at least about 88%, about or at least about 89%, about or at least about
90%, about or at least about 91%, about or at least about 92%, about or at least about 93%, about
or at least about 94%, about or at least about 95%, about or at least about 96%, about or at least
about 97%, about or at least about 98% or about or at least about 99%, or greater identity to a
nucleic acid sequence set forth as SEQ ID NO: 12.

[0295] In embodiments, secretion signal peptides herein are encoded by a nucleotide sequence
substantially identical to a nucleotide sequence set forth as SEQ ID NO: 12. Corresponding
secretion signal peptide sequences having substantial identity to the secretion signal sequences of
the present invention can be identified using any appropriate method known in the art, e.g., PCR,
hybridization methods, or as described in the literature. See, for example, Sambrook J., and
Russell, D.W., 2001, Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY; and Innis, et al., 1990, PCR Protocols: A Guide to Methods and
Applications; Academic Press, NY. A variant nucleotide sequence can include a synthetically
derived nucleotide sequence that has been generated, for example, by using site-directed
mutagenesis. In embodiments, a mutagenized sequence still encodes the secretion signal
peptides disclosed herein. Variant secretion signal peptides are biologically active, that is, they
continue to possess the desired biological activity of the native protein, that is, they retain
secretion signaling activity. By “retains activity” is meant that the variant will have about 30%,
about or at least about 35%, about or at least about 40%, about or at least about 45%, about or at
least about 50%, about or at least about 55%, about or at least about 60%, about or at least about
65%, about or at least about 70%, about or at least about 75%, about or at least about 80%, about
or at least about 85%, about or at least about 81%, about or at least about 82%, about or at least
about 83%, about or at least about 84%, about or at least about 85%, about or at least about 86%,
about or at least about 87%, about or at least about 88%, about or at least about 89%, about or at
least about 90%, about or at least about 91%, about or at least about 92%, about or at least about
93%, about or at least about 94%, about or at least about 95%, about or at least about 96%, about
or at least about 97%, about or at least about 98% or about or at least about 99%, about or at least
about 100%, about or at least about 110%, about or at least about 125%, about or at least about
150%, about or at least about 200% or greater of the activity of the original secretion signal
peptide. Any appropriate method may be used for measuring peptide, protein, or polypeptide
activity, e.g., secretion signal activity. Such methods are well known in the art, with examples
discussed herein.

[0296] The skilled artisan will further appreciate that changes, in some cases, are introduced by
mutation into the nucleotide sequences provided herein thereby leading to changes in the amino
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acid sequence of the encoded secretion signal peptides, without altering the biological activity of
the secretion signal peptides. Thus, variant isolated nucleic acid molecules are often created by
introducing one or more nucleotide substitutions, additions, or deletions into the corresponding
nucleotide sequence disclosed herein, such that one or more amino acid substitutions, additions
or deletions are introduced into the encoded protein. Mutations can be introduced by any
standard technique known to those of skill in the art, e.g., site-directed mutagenesis and PCR-
mediated mutagenesis.

[0297] Nucleic acid and amino acid sequence identity or homology may be determined according
to any suitable method known in the art, including but not limited to those described herein.
[0298] Methods herein, in some cases, comprise expressing polypeptides comprising a protein or
polypeptide of interest operably linked to a secretion signal peptide selected from the group
consisting of an Slmt secretion signal sequence, or a sequence that is substantially homologous or
similar to the secretion signal peptide sequence disclosed herein as SEQ ID NO: 11. In
embodiments, the secretion signal peptide sequence is encoded by a nucleotide sequence set forth
as SEQ ID NO: 12. In some embodiments, an expression construct is in a Pseudomonad host
cell. The expression construct, in some cases, is a plasmid. In some embodiments, a plasmid
encoding the polypeptide or protein of interest sequence comprises a selection marker, and host
cells maintaining the plasmid are grown under selective conditions. In some embodiments, the
plasmid does not comprise a selection marker. In some embodiments, the expression construct is
integrated into the host cell genome.

[0299] The invention includes an expression construct for producing a recombinant polypeptide
comprising a secretion signal peptide operably linked to a heterologous protein or polypeptide of
interest. The expression construct may comprise: a nucleic acid sequence encoding a secretion
signal peptide identical or substantially identical to the amino acid sequence set forth in SEQ ID
NO: 11, operably linked to a nucleic acid sequence encoding the protein or polypeptide of
interest. In some embodiments, the nucleic acid sequence encoding a secretion signal peptide
identical or substantially identical to the amino acid sequence set forth in SEQ ID NO: 11 has a
sequence that is identical or substantially identical to the nucleic acid sequence set forth as SEQ
ID NO: 12. In some embodiments, the nucleic acid sequence has at least 85%, at least 90%, or at
least 95% sequence identity to the nucleic acid sequence set forth as SEQ ID NO: 12.

[0300] The expression vector may comprise an expression construct comprising a nucleic acid
sequence encoding a secretion signal peptide identical or substantially identical to the amino acid
sequence set forth in SEQ ID NO: 11, operably linked to a nucleic acid sequence encoding the
protein or polypeptide of interest. In some embodiments, the nucleic acid sequence encoding a
secretion signal peptide identical or substantially identical to the amino acid sequence set forth in
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SEQ ID NO: 11 has a sequence that is identical or substantially identical to the nucleic acid
sequence set forth as SEQ ID NO: 12. In some embodiments, the nucleic acid sequence has at
least 85%, at least 90%, or at least 95% sequence identity to the nucleic acid sequence set forth as
SEQ ID NO: 12.

[0301] Methods for expressing heterologous proteins, including regulatory sequences (e.g.,
promoters, secretion leaders, and ribosome binding sites) useful in the methods of the invention
in host strains, including Pseudomonas host strains, may be used as disclosed herein throughout.
Such methods are known in the art and are described, e.g., in U.S. Patent No. 7,618,799,
“Bacterial leader sequences for increased expression,” in U.S. Pat. No. 7,985,564, “Expression
systems with Sec-system secretion,” in U.S. Pat. Nos. 9,394,571 and 9,580,719, both titled
“Method for Rapidly Screening Microbial Hosts to Identify Certain Strains with Improved Yield
and/or Quality in the Expression of Heterologous Proteins,” U.S. Pat. No. 9,458,487 and U.S.
Pat. No. 9,453,251, both entitled “Expression of mammalian proteins in Pseudomonas
fluorescens,” U.S. Pat. No. 8,603,824, “Process for Improved Protein Expression by Strain
Engineering,” and U.S. Pat. No. 8,530,171, “High Level Expression of Recombinant Toxin
Proteins,” each incorporated herein by reference in its entirety. In embodiments, a secretion
leader used in the context of the present invention is a secretion leader as disclosed in any of U.S.
Pat. Nos. 7, 618,799, 7,985,564, 9,394,571, 9,580,719, 9,453,251, 8,603,824, and 8,530,171.
These patents also describe bacterial host strains useful in practicing the methods herein, that
have been engineered to overexpress folding modulators or wherein protease mutations have
been introduced, in order to increase heterologous protein expression. In embodiments, an
expression host cell used in the methods of the invention is any described herein.

[0302] Exemplary Embodiments

[0303] 1. A recombinant gram-negative bacterial host cell for recombinant protein
expression, wherein the host cell is:

(a) deficient in a first protease activity, wherein the first protease activity is tail-specific protease
activity, wherein the deficient first protease activity results from a mutation in at least one gene
encoding a tail-specific protease;

(b) deficient in a second protease activity, wherein the second protease activity is murein DD-
endopeptidase activity, wherein the deficient second protease activity results from a mutation in
at least one gene encoding a murein DD-endopeptidase.

[0304] 2. The recombinant gram-negative bacterial host cell of embodiment 1, wherein the
host cell further: (¢) is deficient in at least one additional protease activity, wherein the deficient
additional protease activity results from a mutation in at least one gene encoding an additional
protease, wherein the additional protease is different from the proteases of (a) and (b);
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(d) is deficient in one or more autolytic factor activity, wherein the deficient autolytic factor
activity results from a mutation in at least one gene encoding an autolytic factor;

(e) overexpresses one or more inactivated protease;

(f) overexpresses one or more folding modulator; or

(g) any combination of (c), (d), (e) and (f).

[0305] 3. The recombinant gram-negative bacterial host cell of embodiment 1 or 2, wherein
the deficient tail-specific protease activity results from a mutation in a gene encoding one or
more of: (i) a Prc] tail-specific protease having the amino acid sequence set forth as SEQ ID NO:
33, a homologue of SEQ ID NO: 33, or a Prcl1 tail-specific protease related protein having an
amino acid sequence at least 30% similar to SEQ ID NO: 33; (ii) a Prc2 tail-specific protease
having the amino acid sequence set forth as SEQ ID NO: 35, a homologue of SEQ ID NO: 35, or
a Prc2 tail-specific protease related protein having an amino acid sequence at least 30% similar to
SEQ ID NO: 35; or (iii) a Tsp tail-specific protease having the amino acid sequence set forth as
SEQ ID NO: 71, a homologue of SEQ ID NO: 71, or an Tsp tail-specific protease related protein
having an amino acid sequence at least 30% similar to SEQ ID NO: 71.

[0306] 4. The recombinant gram-negative bacterial host cell of any one of embodiments 1-
3, wherein the deficient murein DD-endopeptidase activity results from a mutation in a gene
encoding one or more of

(i) a MepM 1 murein DD-endopeptidase having the amino acid sequence set forth as SEQ ID NO:
1, a homologue of SEQ ID NO: 1, or a murein DD-endopeptidase related protein having an
amino acid sequence at least 30% similar to SEQ ID NO: 1;

(i1) a MepM murein DD-endopeptidase having the amino acid sequence set forth as SEQ ID NO:
63, a homologue of SEQ ID NO: 63, or a murein DD-endopeptidase related protein having an
amino acid sequence at least 30% similar to SEQ ID NO: 63;

(ii1) a MepM1 murein DD-endopeptidase having the amino acid sequence set forth as SEQ ID
NO: 65, a homologue of SEQ ID NO: 65, or a murein DD-endopeptidase related protein having
an amino acid sequence at least 30% similar to SEQ ID NO: 65; and

(iv) a MepM1 murein DD-endopeptidase having the amino acid sequence set forth as SEQ ID
NO: 66, a homologue of SEQ ID NO: 66, or a murein DD-endopeptidase related protein having
an amino acid sequence at least 30% similar to SEQ ID NO: 66.

[0307] 5. The recombinant gram-negative bacterial host cell of any one of embodiments 2-
4, wherein: the host cell of (c) is deficient in 1 to 10 different additional protease activities; the
host cell of (d) is deficient in 1-5 different autolytic factor activities; the host cell of (e)

overexpresses 1 to 10 different inactivated proteases, wherein each inactivated protease is
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different; the host cell of (f) overexpresses 1-10 different folding modulators, or any combination
thereof.

[0308] 6. The recombinant gram-negative bacterial host cell of any one of embodiments 2-
S, wherein:

the one or more deficient additional protease activity of (¢) results from a mutation of at least one
gene encoding an additional protease independently selected from: a serralysin precursor, a
membrane-localized protease, a murein LD transpeptidase, a hemolysin precursor, a D-alanyl-D-
alanine carboxypeptidase/endopeptidase AmpH precursor, a periplasmic serine endoprotease, an
AAA+ family proteolytic machine, and a murein DD-endopeptidase different from that of (a);
the one or more deficient autolytic factor activity of (d) results from a mutation of at least one
gene encoding an autolytic factor independently selected from: an S-type pyocin, a linear
gramicidin synthase subunit D, a hemolysin precursor, a leukotoxin, and a porin;

the one or more inactivated protease of (e) is a mutant periplasmic serine endoprotease; and

the one or more folding modulator of (f) is a disulfide isomerase.

[0309] 7. The recombinant gram-negative bacterial host cell of embodiment 6, wherein:

the serralysin precursor is selected from:

a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9; a homologue
of the serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9; a
serralysin precursor related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence set forth as SEQ ID NO: 9,

a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 47; a homologue
of the serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 47; and a
serralysin precursor related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence set forth as SEQ ID NO: 47,

the membrane-localized protease is an HtpX having the amino acid sequence set forth as SEQ ID
NO: 39, a homologue of the HtpX having the amino acid sequence set forth as SEQ ID NO: 39,
or an HtpX related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence set forth as SEQ ID NO: 39;

the murein L,D transpeptidase is a murein L,D transpeptidase having the amino acid sequence set
forth as SEQ ID NO: 41, a homologue of the murein L,D transpeptidase having the amino acid
sequence set forth as SEQ ID NO: 41, or a murein L,D transpeptidase related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO:
41;
the hemolysin precursor is 2 hemolysin precursor having the amino acid sequence set forth as
SEQ ID NO: 43, a homologue of the hemolysin precursor having the amino acid sequence set
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forth as SEQ ID NO: 43, or a hemolysin precursor related protein having at least 60% similarity
or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 43;
the D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor is a D-alanyl-D-
alanine carboxypeptidase/endopeptidase AmpH precursor having the amino acid sequence set
forth as SEQ ID NO: 45, a homologue of the D-alanyl-D-alanine
carboxypeptidase/endopeptidase AmpH precursor having the amino acid sequence set forth as
SEQ ID NO: 45, or a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 45,
the periplasmic serine endoprotease is selected from:
a DegP2 having the amino acid sequence set forth as SEQ ID NO: 31; a homologue of the DegP2
having the amino acid sequence set forth as SEQ ID NO: 31; a DegP2 related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO:
31;
a DegP having the amino acid sequence set forth as SEQ ID NO: 69; a homologue of the DegP
having the amino acid sequence set forth as SEQ ID NO: 69; a DegpP related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO:
69;
a DegP having the amino acid sequence set forth as SEQ ID NO: 62; a homologue of the DegP
having the amino acid sequence set forth as SEQ ID NO: 62; and a DegP related protein having
at least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID
NO: 62,
the AAA+ family proteolytic machine comprises: an HslU protease having the amino acid
sequence set forth as SEQ ID NO: 37, a homologue of the HslU protease having the amino acid
sequence set forth as SEQ ID NO: 37, or a HslU related protein having at least 60% similarity or
at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 37; and an HslV
protease having the amino acid sequence set forth as SEQ ID NO: 38, a homologue of the HslV
protease having the amino acid sequence set forth as SEQ ID NO: 38, or a HslV related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence set forth as
SEQ ID NO: 38;
the murein DD-endopeptidase is selected from:
a P. fluorescens MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 3; a
homologue of the MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 3; a
MepM2-related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 3;
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a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 64; a homologue of
the MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 64; a MepM2-
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 64,
a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 67; a homologue of
the MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 67; a MepM2-
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 67,
a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 68; a homologue of
the MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 68; and
a MepM2-related protein having at least 60% similarity or at least 60% identity to the amino acid
sequence set forth as SEQ ID NO: 68;
the S-type Pyocin is an S-type Pyocin having the amino acid sequence set forth as SEQ ID NO:
49, a homologue of the S-type Pyocin having the amino acid sequence set forth as SEQ ID NO:
49, or an S-type Pyocin related protein having at least 60% similarity or at least 60% identity to
the amino acid sequence set forth as SEQ ID NO: 49;
the linear gramicidin synthase is a linear gramicidin synthase having the amino acid sequence set
forth as SEQ ID NO: 51, a homologue of the linear gramicidin synthase having the amino acid
sequence set forth as SEQ ID NO: 51, or a linear gramicidin synthase related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO:
51;
the leukotoxin is a leukotoxin having the amino acid sequence set forth as SEQ ID NO: 53, a
homologue of the leukotoxin having the amino acid sequence set forth as SEQ ID NO: 53, or a
leukotoxin related protein having at least 60% similarity or at least 60% identity to the amino
acid sequence set forth as SEQ ID NO: 53;
the ShIB hemolysin transporter is an ShIB hemolysin transporter having the amino acid sequence
set forth as SEQ ID NO: 55, a homologue of the an ShIB hemolysin transporter having the amino
acid sequence set forth as SEQ ID NO: 55, or an ShiB hemolysin transporter related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence set forth as
SEQ ID NO: 55;
each of the one or more overexpressed inactivated proteases is independently selected from: P.
Sluorescens DegP2 S219A; an inactivated DegP2 comprising an amino acid substitution or
disruption of the amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2
comprising an amino acid substitution or disruption of a homologue of the amino acid sequence
set forth as SEQ ID NO: 31; an inactivated DegP2-related protein comprising an amino acid
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substitution or disruption of a DegP2 having at least 60% similarity or at least 35% identity to
amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP comprising an amino acid
substitution or disruption of the amino acid sequence set forth as SEQ ID NO: 69; an inactivated
DegP comprising an amino acid substitution or disruption of a homologue of the amino acid
sequence set forth as SEQ ID NO: 69; an inactivated DegP-related protein comprising an amino
acid substitution or disruption of a DegP having at least 60% similarity or at least 35% identity to
amino acid sequence set forth as SEQ ID NO: 69; an inactivated DegP/HtrA comprising an
amino acid substitution or disruption of the amino acid sequence set forth as SEQ ID NO: 62; an
inactivated DegP/HtrA comprising an amino acid substitution or disruption of a homologue of
the amino acid sequence set forth as SEQ ID NO: 62; an inactivated DegP/HtrA-related protein
comprising an amino acid substitution or disruption of a DegP having at least 60% similarity or
at least 35% identity to amino acid sequence set forth as SEQ ID NO: 62; an inactivated DegP,
DegP-related protein, or DegP homologue having a substitution or disruption of an amino acid at
a position corresponding to any one of 131 (His), 134 (Asp) and 236 (Ser) (SEQ ID NO: 62,
numbering including leader sequence 1-26), or respective positions 105, 108, and 210, when
excluding the leader sequence; an inactivated DegP, DegP-related protein, or DegP homologue
having an amino acid substitution corresponding to E. coli Htr S210A; an inactivated DegP,
DegP-related protein, or DegP homologue having an amino acid substitution corresponding to .
coli Htr H105R; and an inactivated DegP, DegP-related protein, or DegP homologue having a
substitution or disruption of any one or more amino acid at a position corresponding to any one
of: 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 146, 147, 148,
149, 150, 151, 152, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232,233, and 234 of SEQ ID NO: 31; and

each of the one or more folding modulators is independently selected from: a disulfide bond
isomerase having an amino acid sequence set forth as any one of SEQ ID NOS: 60, 76, 77, 78,
80, and 81; a homologue of a disulfide bond isomerase having an amino acid sequence set forth
as any one of SEQ ID NOS: 60, 76, 77, 78, 80, and 81; a disulfide bond isomerase-related protein
having at least 60% similarity or at least 60% identity to an amino acid sequence set forth as any
one of SEQ ID NOS: 60, 76, 77, 78, 80, and 81; a protein disulfide isomerase having an amino
acid sequence set forth as any one of SEQ ID NOS: 27 and 82-98; a homologue of a protein
disulfide isomerase having an amino acid sequence set forth as any one of SEQ ID NOS: 27 and
82-98; and a protein disulfide isomerase-related protein having at least 60% similarity or at least
60% identity to an amino acid sequence set forth as SEQ ID NOS: 27 and 82-98.

[0310] 8. The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the mutation is in a coding sequence or noncoding sequence of the corresponding gene,
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and wherein the mutation is independently selected from: (i) a complete gene deletion, (ii) a
partial gene deletion, (iii) a missense mutation, (iv) a nonsense mutation, (v) a frameshift
mutation, (vi) an insertion, and (vii) any combination of (i), (iii), (iv), (v) and (vi).

[0311] 9. The recombinant gram-negative bacterial host cell of embodiment 8, wherein the
missense mutation of (iii) results in a conservative or non-conservative amino acid substitution.
[0312] 10.  The recombinant gram-negative bacterial host cell of embodiment 8 or 9, wherein
the noncoding sequence is a regulatory sequence.

[0313] 11. The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the gram-negative bacterial host cell further comprises a functional protease activity,
wherein the functional protease activity is the activity of: a MepS1 having the amino acid
sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having the amino acid sequence
set forth as SEQ ID NO: 5; or a MepS1 related protein having at least 50% sequence similarity to
the P. fluorescens MepS1 protease amino acid sequence set forth as SEQ ID NO: 5.

[0314] 12. The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the gram-negative bacterial host cell further comprises a functional protease activity,
wherein the functional protease activity is: a MepS2 having the amino acid sequence set forth as
SEQ ID NO: 7; a homologue of the MepS2 having the amino acid sequence set forth as SEQ ID
NO: 7; or a MepS2 related protein having at least 50% sequence similarity to the P. fluorescens
MepS2 protease amino acid sequence set forth as SEQ ID NO: 7.

[0315] 13. The recombinant gram-negative bacterial host cell of embodiment 11 or
embodiment 12, wherein the gram-negative bacterial host cell is a Pseudomonad.

[0316] 14.  The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the gram-negative bacterial host cell is a Pseudomonad, and the deficient first protease
activity results from a mutation of a coding sequence and/or noncoding sequence of a gene
encoding P. fluorescens Prcl and/or a mutation of a coding sequence and/or noncoding sequence
of a gene encoding P. fluorescens Prc2.

[0317] 15.  The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the second protease activity is deficient due to a mutation that results in a conservative
or non-conservative substitution in an active site amino acid or an allosteric site amino acid of a
protease having the second protease activity.

[0318] 16.  The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the deficient second protease activity results from at least one mutation of the second
protease gene, wherein the mutation results in a disruption of the amino acid sequence at a
position corresponding to: (1) any one or more of residues 134 to 145 of SEQ ID NO: 1; (ii) any
one or more of residues 319 to 411 of SEQ ID NO: 1; (iii) one or more of residues any 361 to
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378 of SEQ ID NO: 1; (iv) any one or more residue selected from 248, 319, 330, 332, 334, 337,
378,410, and 411 of SEQ ID NO: 1; or any combination of (1), (ii), (ii1), and (iv).

[0319] 17.  The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the bacterial host cell is Pseudomonas fluorescens, wherein the deficient second protease
activity results from a gene mutation that results in an amino acid substitution of SEQ ID NO: 1
selected from: Y248stop, G332S, D334N, A337T, H411Y, P410L, and any conservative or non-
conservative amino acid substitution of any one of R319, H330, D334, H378, and H411.

[0320] 18. The recombinant gram-negative bacterial host cell of any preceding embodiment,
wherein the host cell is capable of high-density cell growth in culture.

[0321] 19.  The recombinant gram-negative bacterial host cell of embodiment 18, wherein the
high-density cell growth in culture comprises growth to OD575 of about 80 to about 300.

[0322] 20.  The recombinant gram-negative bacterial host cell of embodiment 18 or 19,
wherein the high-density cell growth in culture is increased in comparison to a control cell by
about 2-fold to about 15-fold.

[0323] 21.  The recombinant gram-negative bacterial host cell of embodiment 20, wherein the
recombinant gram-negative bacterial host cell and the control cell, respectively, are selected
from:

(i) a recombinant gram-negative bacterial host cell deficient in the first protease activity and the
second protease activity, and a corresponding gram-negative bacterial host cell deficient in the
first protease activity and wherein the second protease is functional;

(i1) a recombinant gram-negative bacterial host cell deficient in the first protease activity, the
second protease activity, and an additional protease activity as recited in 2(c), and a
corresponding gram-negative bacterial host cell deficient in the first protease activity and the
second protease activity, and wherein the additional protease activity of 2(c) that is deficient in
the compared recombinant gram-negative bacterial host cell is functional; and

(iii) a recombinant gram-negative bacterial host cell deficient in the first protease activity and the
second protease activity, and comprising a functional protease that is: a MepS1 having the amino
acid sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having the amino acid
sequence set forth as SEQ ID NO: 5; or a MepS1 related protein having at least 50% sequence
similarity to the P. fluorescens MepS1 amino acid sequence set forth as SEQ ID NO: 5, and a
corresponding gram-negative bacterial host cell deficient in the activity of the first protease and
the second protease, and deficient in the functional protease of the compared recombinant gram-
negative bacterial host cell.

[0324] 22.  The recombinant gram-negative bacterial host cell of embodiment 21, wherein the
additional protease activity of 2(c) is an activity of a serralysin precursor having the amino acid
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sequence set forth as SEQ ID NO: 9; a homologue of the serralysin precursor having the amino
acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor related protein having at least
60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 9.
[0325] 23.  The recombinant gram-negative bacterial host cell of any preceding embodiment,
further comprising at least one expression construct, each expression construct comprising at
least one nucleic acid sequence encoding a recombinant protein of interest.

[0326] 24.  The recombinant gram-negative bacterial host cell of embodiment 23, wherein the
recombinant protein of interest is native or heterologous to the recombinant gram-negative
bacterial host cell.

[0327] 25.  The recombinant gram-negative bacterial host cell of embodiment 23, wherein the
recombinant protein of interest is selected from: an antibody, antibody fragment, or derivative of
an antibody or antibody fragment; an antibody-based drug, a non-antibody binding protein (e.g.,
an antibody mimetic, including, but not limited to, an alphabody, an iBody, an affibody, an
affilin, an affitin, or an anticalin), a reagent protein; a vaccine antigen; a therapeutic protein or
enzyme; non-natural protein; a pathogen protein or derivative thereof, a microbial toxin, a
lipoprotein; an extracellular receptor or ligand; a protease; a kinase; a blood protein; a
chemokine; a cytokine; a bone morphogenic protein; an anticoagulant; a blood factor; a bone
morphogenetic protein; an engineered protein scaffold; an enzyme, e.g., a biocatalytic enzyme; a
growth factor; an interferon; an interleukin; a thrombolytic agent; a hormone; and a TGF-beta
family member protein.

[0328] 26. The recombinant gram-negative bacterial host cell of any one of embodiments
23-25, wherein the recombinant protein of interest is human, murine, rat, rabbit, guinea pig,
camelid, shark, avian, yeast, fungal, gram-negative bacterial, or gram-positive bacterial.

[0329] 27.  The recombinant gram-negative bacterial host cell of embodiment 25 or 26,
wherein the antibody, antibody fragment, or derivative thereof is selected from: a monoclonal
antibody; a complementarity determining region (CDR) fragment; a CDR-grafted antibody; a
single-chain antibody; a single chain antibody fragment; modified antibody, a bispecific
antibody, a chimeric antibody; a diabody; a triabody; a tetrabody; a minibody; a linear antibody;
a chelating recombinant antibody; a bibody; a tribody; an intrabody; a nanobody; a small
modular immunopharmaceutical (SMIP); an antigen-binding-domain immunoglobulin fusion
protein; a camelid antibody; a shark single domain antibody, an avian antibody (e.g., a chicken
antibody), a VHH-containing antibody; a F(ab); a F(ab)’; F(ab)’2; scFv; an Fc fragment
generated from the heavy chain constant region of an antibody; a reduced IgG fragment (e.g.,

generated by reducing the hinge region disulfide bonds of IgG); an Fc fusion protein (e.g.,
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comprising the Fc domain of IgG fused together with a protein or peptide of interest); a domain
antibody; a VL; a VNAR; a VH; and a VHH.

[0330] 28.  The recombinant gram-negative bacterial host cell of embodiment 27, wherein the
VHH-containing antibody is a VHH concatenated antibody.

[0331] 29. The recombinant gram-negative bacterial host cell of any one of embodiments 25
to 28, wherein the antibody, antibody fragment, or derivative thereof, binds to a target selected
from: a cytokine; a chemokine; a drug; a cell-surface protein, e.g., a receptor, cell-surface
marker, pathogen surface-protein, etc.; a growth factor; a growth factor receptor; immune
checkpoint molecule, and a blood factor.

[0332] 30.  The recombinant gram-negative bacterial host cell of any one of embodiments 25
to 29, wherein the antibody, antibody fragment, or derivative thereof is a Fab’.

[0333] 31.  The recombinant gram-negative bacterial host cell of embodiment 30, wherein the
Fab’ binds to a target selected from: Carcinoembryonic antigen (CEA), CD22; fibrin II, beta
chain; TNF-alpha; and NCA-90 (granulocyte antigen).

[0334] 32.  The recombinant gram-negative bacterial host cell of any one of embodiments 25
to 31, wherein the at least one expression construct encoding the antibody, antibody fragment, or
derivative thereof comprises at least one nucleic acid sequence encoding a heavy chain, at least
one nucleic acid sequence encoding a light chain, or both, wherein the heavy chain is full-length
or a heavy chain fragment, and the light chain is full-length or a light chain fragment.

[0335] 33. The recombinant gram-negative bacterial host cell of embodiment 32, wherein the
at least one expression construct encoding the antibody, antibody fragment, or derivative thereof
comprises at least two nucleic acid sequences, each encoding a heavy chain.

[0336] 34. The recombinant gram-negative bacterial host cell of embodiment 32 or 33,
wherein the at least one expression construct encoding the antibody, antibody fragment, or
derivative thereof comprises a nucleic acid sequence encoding a heavy chain and a nucleic acid
sequence encoding a light chain, wherein the heavy and light chain are expressed from the same
mRNA transcript.

[0337] 35.  The recombinant gram-negative bacterial host cell of embodiment 32 or 33,
wherein the at least one expression construct encoding the antibody, an antibody fragment, or
derivative thereof comprises a nucleic acid sequence encoding a heavy chain and a nucleic acid
sequence encoding a light chain, wherein the heavy and light chain are expressed from different
mRNA transcripts.

[0338] 36.  The recombinant gram-negative bacterial host cell of embodiment 34 or 35,

wherein each heavy chain-encoding nucleic acid sequence and each light chain-encoding nucleic
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acid sequence is individually operably linked to an independently selected nucleic acid sequence
encoding a periplasmic secretion signal.
[0339] 37.  The recombinant gram-negative bacterial host cell of embodiment 36, wherein the
periplasmic secretion signal has the amino acid sequence set forth as SEQ ID NO: 11, 13, 15, or
17.
[0340] 38.  The recombinant gram-negative bacterial host cell of any one of embodiments 34
to 37, wherein the expression construct comprises: a nucleic acid sequence encoding an antibody
heavy chain, operably linked to a nucleic acid sequence encoding a periplasmic secretion signal,
wherein the periplasmic secretion signal has the amino acid sequence set forth as SEQ ID NOS:
11, 13, 15, or 17; a nucleic acid sequence encoding a light chain, operably linked to a nucleic
acid sequence encoding a periplasmic secretion signal, wherein the periplasmic secretion signal
has the amino acid sequence set forth as SEQ ID NOS: 11, 13, 15, or 17; or both.
[0341] 39.  The recombinant gram-negative bacterial host cell of any one of embodiments 25
to 38, wherein the antibody, antibody fragment, or derivative thereof is humanized.
[0342] 40.  The recombinant gram-negative bacterial host cell of any one of embodiments 30
to 39, wherein the Fab’ is certolizumab.
[0343] 41.  The recombinant gram-negative bacterial host cell of embodiment 40, wherein the
Fab’ heavy chain has the amino acid sequence set forth as SEQ ID NO: 21, and the Fab’ light
chain has the amino acid sequence set forth as SEQ ID NO: 23.
[0344] 42. The recombinant gram-negative bacterial host cell of any one of embodiments 32-
41, wherein the nucleic acid sequence encoding the heavy chain is operably linked to a nucleic
acid sequence encoding a secretion leader having the amino acid sequence set forth as SEQ ID
NO: 11, and the nucleic acid sequence encoding the light chain is operably linked to a nucleic
acid sequence encoding a secretion leader having the amino acid sequence set forth as SEQ ID
NO: 13.
[0345] 43.  The recombinant gram-negative bacterial host cell of any one of embodiments 1-
42, wherein the host cell is deficient in:
(1) the first protease activity;
(i1) the second protease activity;
(ii1) the activity of a serralysin precursor having the amino acid sequence set forth as SEQ ID
NO: 9, a homologue of the serralysin precursor having the amino acid sequence set forth as SEQ
ID NO: 9, or a serralysin precursor related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 9;
(iv) an HslU protease having the amino acid sequence set forth as SEQ ID NO: 37, a homologue
of the HslU protease having the amino acid sequence set forth as SEQ ID NO: 37, or a HslU

136



WO 2022/261377 PCT/US2022/032911

related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 37; and

(v) an HslV protease having the amino acid sequence set forth as SEQ ID NO: 38, a homologue
of the HslV protease having the amino acid sequence set forth as SEQ ID NO: 38, or a HslV
related protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 38.

[0346] 44. The recombinant gram-negative bacterial host cell of embodiment 43, wherein
the host cell further overexpresses an exogenous inactivated DegP, wherein the inactivated DegP
is selected from: P. fluorescens DegP2 S219A; an inactivated DegP2 derived from the amino
acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2 derived from the amino acid
sequence set forth as SEQ ID NO: 62; an inactivated DegP2 derived from a homologue of the
amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2 derived from a DegP2
having at least 60% similarity or at least 60% identity to amino acid sequence set forth as SEQ
ID NO: 31; an inactivated DegP2 derived from a DegP2 having at least 60% similarity or at least
60% identity to amino acid sequence set forth as SEQ ID NO: 62; and each of the proteases
having the amino acid sequence set forth as SEQ ID NO: 31 comprising a conservative or
nonconservative amino acid substitution or disruption of any one or more of positions: 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 146, 147, 148, 149, 150, 151,
152,217,218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, and
234.

[0347] 45.  The recombinant gram-negative bacterial host cell of embodiment 43 or 44,
wherein the host cell overexpresses an exogenous disulfide isomerase selected from any one of:
a disulfide isomerase having at least 60% similarity or at least 60% identity to an amino acid
sequence set forth as SEQ ID NO: 27, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73, and a
homologue of a disulfide isomerase having the amino acid sequence set forth as SEQ ID NO: 27,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, and 73.

[0348] 46.  The recombinant gram-negative bacterial host cell of any one of embodiments 1-
45, wherein the recombinant gram-negative bacterial host cell is selected from: a Pseudomonad
host cell; an E. coli host cell; and a Vibrio host cell.

[0349] 47.  The recombinant gram-negative bacterial host cell of embodiment 46, wherein the
Pseudomonad host cell is a Pseudomonas host cell.

[0350] 48.  The recombinant gram-negative bacterial host cell of embodiment 47, wherein the
Pseudomonas host cell is P. fluorescens, P. putida, or P. aeruginosa.

[0351] 49. The recombinant gram-negative bacterial host cell of embodiment 47 or 48,
wherein the cell is:
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(1) Isc::laclQ1;
(i1) Prcl-
(ii) Prc2-
(iii) HslU-
(iv) Hsl V-
(v) MepM1-
(vi) PyrF-
and (vii) deficient in a serralysin precursor that is: a serralysin precursor having the amino acid
sequence set forth as SEQ ID NO: 9; a homologue of the serralysin precursor having the amino
acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor related protein having at least
60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 9;
wherein the serralysin precursor deficiency results from a mutation in a gene encoding the
serralysin precursor.
[0352] 50. The recombinant gram-negative bacterial host cell of embodiment 49, wherein the
cell is P. fluorescens, the Prcl has the amino acid sequence set forth in SEQ ID NO: 33, the Prc2
has the amino acid sequence set forth in (SEQ ID NO: 35), the HslU has the amino acid sequence
set forth in (SEQ ID NO: 37), the HslV has the amino acid sequence set forth in (SEQ ID NO:
38), the MepM 1 has the amino acid sequence set forth in (SEQ ID NO: 1), and the serralysin
precursor has the amino acid sequence set forth as SEQ ID NO: 9.
[0353] 51.  The recombinant gram-negative bacterial host cell of embodiment 50, further
comprising an expression vector comprising a nucleic acid sequence encoding DegP2 S219A
(SEQ ID NO: 29).
[0354] 52.  The recombinant gram-negative bacterial host cell of embodiment 50 or 51,
further comprising an expression vector comprising a nucleic acid sequence encoding disulfide
isomerase PDIAG6 (SEQ ID NO: 27).
[0355] 53.  The recombinant gram-negative bacterial host cell of any one of embodiments 1-
52, further comprising an expression vector encoding a recombinant protein.
[0356] 54.  The recombinant gram-negative bacterial host cell of embodiment 53, wherein the
expression vector encodes a Fab’.
[0357] 55.  The recombinant gram-negative bacterial host cell of embodiment 54, wherein the
expression vector comprising the nucleic acid sequence encoding DegP2 S219A or disulfide
isomerase PDIAG further comprises a nucleic acid sequence encoding the Fab’.
[0358] 56.  The recombinant gram-negative bacterial host cell of embodiment 54 or 55,
wherein the Fab’ heavy chain is encoded by SEQ ID NO: 21, and the Fab’ light chain is encoded
by SEQ ID NO: 23.
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[0359] 57.  The recombinant gram-negative bacterial host cell of embodiment 1, wherein the
recombinant gram-negative bacterial host cell is a Pseudomonad having the genotype of strain
STR94975, STR94976, or STR94977.

[0360] 58.  The recombinant gram-negative bacterial host cell of embodiment 57, further
comprising the expression construct or constructs of STR94975, STR94976, or STR94977, for
use in producing a recombinant anti-TNF-alpha Fab’.

[0361] 59. A method for producing a recombinant protein of interest comprising: (a)
recovering the recombinant protein of interest from a recombinant gram-negative bacterial host
cell of any one of embodiments 1-57 cultured under suitable fermentation conditions, wherein the
recombinant gram-negative host cell is transformed with a plasmid comprising a nucleic acid
encoding the recombinant protein of interest.

[0362] 60.  The method of embodiment 59, wherein transcription of the nucleic acid sequence
encoding the recombinant protein of interest is regulated by an inducible promoter.

[0363] 61. The method of embodiment 60, wherein the inducible promoter is selected from: a
tac promoter, a mannitol promoter, a Pben, a T7 promoter, a lac promoter, a TS promoter, a
xylose promoter, and an arabinose promoter.

[0364] 62. The method of any one of embodiments 59-61, wherein the recombinant gram-
negative bacterial host cell can grow to high cell density.

[0365] 63.  The method of embodiment 62, wherein the high cell density comprises an
ODS575 of about 80 to about 300.

[0366] 64.  The method of any one of embodiments 58-63, wherein the suitable fermentation
conditions comprise induction of the inducible promoter at: an OD575 of about 80 to about 160,
a culture pH of about 5.8 to about 7.0, a temperature of about 28-33 deg C, fed-batch, and a titer
range of about 0.2 to about 5 g/L.

[0367] 65.  The method of embodiment 64, wherein the inducible promoter is induced by
IPTG, and wherein the IPTG is added to a final concentration of about 0.08 — 0.3mM.

[0368] 66.  The method of embodiment 65, wherein the IPTG is added to a final concentration
of about 0.2 mM.

[0369] 67.  The method of any one of embodiments 63-66, wherein induction is carried out at
a culture pH of about 6.0 to about 6.5.

[0370] 68.  The method of any one of embodiments 63-67, wherein induction is carried out at
a temperature of about 28-33 deg C.

[0371] 69.  The method of embodiment 68, wherein induction is carried out at a temperature

of about 32 deg C.
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[0372] 70.  The method of any one of embodiments 59-69, wherein the recombinant gram-
negative bacterial host cell grows to a cell density that is increased in comparison to a control cell
grown under the same fermentation conditions.

[0373] 71.  The method of embodiment 70, wherein the increase in cell density is about 2-fold
to about 15-fold.

[0374] 72. The method of any one of embodiments 59-71, further comprising: (b) measuring
the yield of intact, soluble, and/or active, recombinant protein of interest recovered from the
recombinant gram-negative bacterial host cell.

[0375] 73.  The method of embodiment 72, wherein the measured yield of intact, soluble,
and/or active, recombinant protein is about 0.1 to about 10 g/L.

[0376] 74. The method of embodiment 72 or 73, further comprising: (¢) measuring the yield
of recombinant protein of interest recovered from a control cell that is intact, soluble, active, or a
combination thereof.

[0377] 75. The method of embodiment 74, further comprising (d) comparing the yield
measured in step (b) to the yield measured in step (¢).

[0378] 76.  The method of embodiment 75, wherein the yield measured in step (b) is about 2-
fold to about 100-fold higher than that measured in step (c).

[0379] 77.  The method of any one of embodiments 70-76, wherein the recombinant gram-
negative bacterial host cell and the control cell, respectively, are selected from:

[0380] (i) a recombinant gram-negative bacterial host cell deficient in the first protease activity
and the second protease activity, and a corresponding gram-negative bacterial host cell deficient
in the first protease activity and wherein the second protease is functional;

[0381] (ii) a recombinant gram-negative bacterial host cell deficient in the first protease activity,
the second protease activity, and an additional protease activity as recited in 2(a), and a
corresponding gram-negative bacterial host cell deficient in the first protease activity and the
second protease activity, and wherein the additional protease activity of 2(a) that is deficient in
the compared recombinant gram-negative bacterial host cell is functional; and

[0382] (iii) a recombinant gram-negative bacterial host cell deficient in the first protease activity
and the second protease activity, and comprising a functional protease that is: a MepS1 having
the amino acid sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having the
amino acid sequence set forth as SEQ ID NO: 5; or a MepS|1 related protein having at least 50%
sequence similarity to the P. fluorescens MepS1 amino acid sequence set forth as SEQ ID NO: 5,
and a corresponding gram-negative bacterial host cell deficient in the activity of the first protease
and the second protease, and deficient in the functional protease of the compared recombinant
gram-negative bacterial host cell.
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[0383] 78.  The recombinant gram-negative bacterial host cell of any one of embodiments 1-
45, or any one of embodiments 47-77, wherein the gram-negative bacterial host cell is not £. cofi.
[0384] 79.  recombinant polypeptide comprising: a secretion signal peptide operably linked to
a heterologous protein or polypeptide of interest, wherein the secretion signal peptide has the
amino acid sequence set forth in SEQ ID NO: 11.

[0385] 80.  The polypeptide of embodiment 79, wherein the protein or polypeptide of interest
is selected from: an antibody, antibody fragment, or a derivative of an antibody or an antibody
fragment; an enzyme; a cytokine; a chemokine; a growth factor; a fusion protein; and a vaccine
antigen.

[0386] 81.  The polypeptide of embodiment 79 or 80, wherein the antibody, antibody
fragment, or a derivative of an antibody or antibody fragment is selected from: a monoclonal
antibody; a full chain antibody; a complementarity determining region (CDR) fragment; a CDR-
grafted antibody; a single-chain antibody; a single chain antibody fragment; a modified antibody;
a variable-region only antibody fragment; a bispecific antibody, a chimeric antibody; a triabody;
a tetrabody; a minibody; a linear antibody; a chelating recombinant antibody; a bibody; a dibody;
an intrabody; a nanobody; a small modular immunopharmaceutical; an antigen-binding-domain
immunoglobulin fusion protein; a camelid antibody; a shark single domain antibody (VNAR); an
avian antibody; a VHH; a VHH-containing antibody; a VHH concatemer; a F(ab); a F(ab)’;
F(ab)’2; an scFv; an Fc fragment generated from the heavy chain constant region of an antibody;
a reduced IgG fragment; an Fc fusion protein; a domain antibody; a VL; and a VH.

[0387] 82.  The polypeptide of embodiment 80 or 81, wherein the antibody, antibody
fragment, or derivative of the antibody or antibody fragment is humanized.

[0388] 83.  The polypeptide of embodiment 80, wherein the enzyme is a therapeutic enzyme.
[0389] 84.  The polypeptide of embodiment 83, wherein the therapeutic enzyme is selected
from: a peptidase; a lactase; an amylase; a PEP; a digestive enzyme; a uricase; a rhodanase; a
urokinase; a streptokinase; a staphylokinase; a phenylase; a sacrosidase; a lysozyme; a chitinase;
a ribonuclease; a glutaminase; an arginase; a vibrilase; a chondroitinase; a hyaluronidase; a
galactosidase; a glucuronidase; a glucocerebrosidase; a thymidine phosphorylase; a carbonic
anhydrase; a uricase thiosulfate-cyanide; a sulfurtransferase; a phosphothioesterase; an alcohol
oxidase; an alcohol dehydrogenase; an asparaginase; a glutamine synthase; an adenosine
deaminase; bovine pegademase; alglucerase; dornase alpha; imiglucerase; sacrosidase;
rasburicase; agalsidase beta; and nattokinase.

[0390] 85.  The polypeptide of embodiment 80, wherein the fusion protein is selected from:
an enzyme fusion protein; a protein A fusion protein; an albumin fusion protein; a thioredoxin
fusion protein; a ubiquitin fusion protein, a streptavidin fusion protein; a maltose binding protein
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fusion protein; a chitin being protein fusion protein; a SUMO fusion protein; and a glutathione-S-
transferase fusion protein.

[0391] 86.  The polypeptide of any one of embodiments 79-85, further comprising a linker.
[0392] 87.  The polypeptide of any one of embodiments 79-86, further comprising a cleavage
domain.

[0393] 88.  The polypeptide of any one of embodiments 79-87, wherein the secretion signal
peptide directs expression of the protein or polypeptide of interest to the periplasm or the
extracellular space of a prokaryotic host cell.

[0394] 89.  The polypeptide of embodiment 88, wherein the prokaryotic host cell is a gram-
negative bacterium.

[0395] 90. The polypeptide of embodiment 88, wherein the prokaryotic host cell is a gram-
positive bacterium.

[0396] 91.  The polypeptide of embodiment 89, wherein the gram-negative bacterium is a
Pseudomonad, V. natriegens, or E. coli.

[0397] 92.  The polypeptide of embodiment 90, wherein the gram-positive bacterium is a
Corynebacterium or a Bacillus.

[0398] 93. A method of producing a protein or polypeptide of interest in a prokaryotic host
cell, the method comprising: producing the protein or polypeptide of interest in the periplasm of a
prokaryotic host cell cultured in a cell culture growth medium, wherein the prokaryotic host cell
comprises an expression construct comprising a nucleic acid encoding a recombinant polypeptide
comprising the protein or polypeptide of interest operably linked to a secretion signal peptide that
directs expression of the protein or polypeptide of interest to the periplasm of the prokaryotic
host cell, wherein the secretion signal peptide comprises the amino acid sequence of SEQ ID NO:
11, and wherein the secretion signal peptide is not native to the protein or polypeptide of interest.
[0399] 94.  The method of embodiment 93, further comprising isolating the produced protein
or polypeptide of interest.

[0400] 95.  The method of embodiment 94, wherein the protein or polypeptide of interest is
selected from: an antibody, antibody fragment, or a derivative of an antibody or an antibody
fragment; an enzyme; a cytokine; a chemokine; a growth factor; a fusion protein; and a vaccine
antigen.

[0401] 96.  The method of embodiment 95, wherein the antibody, antibody fragment, or a
derivative of an antibody or an antibody fragment is selected from: a monoclonal antibody; a full
chain antibody; a complementarity determining region (CDR) fragment; a CDR-grafted antibody;
a single-chain antibody; a single chain antibody fragment; a modified antibody; a variable-region
only antibody fragment; a bispecific antibody, a chimeric antibody; a triabody; a tetrabody; a
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minibody; a linear antibody; a chelating recombinant antibody; a bibody; a dibody; an intrabody;
a nanobody; a small modular immunopharmaceutical; an antigen-binding-domain
immunoglobulin fusion protein; a camelid antibody; a shark single domain antibody (VNAR); an
avian antibody; a VHH; a VHH-containing antibody; a VHH concatemer; a F(ab); a F(ab)’;
F(ab)’2; an scFv; an Fc fragment generated from the heavy chain constant region of an antibody;
a reduced IgG fragment; an Fc fusion protein; a domain antibody; a VL; and a VH.

[0402] 97.  The method of embodiment 95 or 96, wherein the antibody, antibody fragment, or
derivative of the antibody or antibody fragment is humanized.

[0403] 98.  The method of embodiment 95, wherein the enzyme is a therapeutic enzyme.
[0404] 99.  The method of embodiment 98, wherein the therapeutic enzyme is selected from:
a peptidase; a lactase; an amylase; a PEP; a digestive enzyme; a uricase; a rhodanase; a
urokinase; a streptokinase; a staphylokinase; a phenylase; a sacrosidase; a lysozyme; a chitinase;
a ribonuclease; a glutaminase; an arginase; a vibrilase; a chondroitinase; a hyaluronidase; a
galactosidase; a glucuronidase; a glucocerebrosidase; a thymidine phosphorylase; a carbonic
anhydrase; a uricase thiosulfate-cyanide; a sulfurtransferase; a phosphothioesterase; an alcohol
oxidase; an alcohol dehydrogenase; an asparaginase; a glutamine synthase; an adenosine
deaminase; bovine pegademase; alglucerase; dornase alpha; imiglucerase; sacrosidase;
rasburicase; agalsidase beta; and nattokinase.

[0405] 100. The method of embodiment 95, wherein the fusion protein is selected from: an
enzyme fusion protein; a protein A fusion protein; an albumin fusion protein; a thioredoxin
fusion protein; a ubiquitin fusion protein; a streptavidin fusion protein; a maltose binding protein
fusion protein; a chitin being protein fusion protein; a SUMO fusion protein; and a glutathione-S-
transferase fusion protein.

[0406] 101. The method of any one of embodiments 93-100, wherein the nucleic acid encodes
a linker.

[0407] 102. The method of embodiment 101, wherein the linker comprises a cleavage domain.
[0408] 103. The method of any one of embodiments 93-102, wherein the prokaryotic host cell
1s a gram-negative bacterium.

[0409] 104. The method of any one of embodiments 93-102, wherein the prokaryotic host cell
is a gram-positive bacterium.

[0410] 105. The method of embodiment 93, wherein the gram-negative bacterium is a
Pseudomonad, V. natriegens, or E. coli.

[0411] 106. The method of embodiment 94, wherein the gram-positive bacterium is a

Corynebacterium or a Bacillus.
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[0412] 107. An expression vector comprising a nucleic acid sequence encoding a recombinant
polypeptide of any one of embodiments 79-92.

[0413] 108. A prokaryotic host cell comprising an expression vector of embodiment 107.
[0414] 109. The prokaryotic host cell of embodiment 108, wherein the prokaryotic host cell is
a gram-negative bacterium.

[0415] 110. The prokaryotic host cell of embodiment 108, wherein the prokaryotic host cell is
a gram-positive bacterium.

[0416] 111. The prokaryotic host cell of embodiment 109, wherein the gram-negative
bacterium is a Pseudomonad, V. natriegens, or E. coli.

[0417] 112. The prokaryotic host cell of embodiment 110, wherein the gram-positive
bacterium is a Corynebacterium or a Bacillus.

[0418] 113. The prokaryotic host cell of any one of embodiments 108-112, wherein the
nucleic acid sequence encoding the recombinant polypeptide is optimized for expression in the
prokaryotic host cell.

[0419] 114. Use of a recombinant polypeptide of any one of embodiments 79-92, an
expression vector of embodiment 107, or a prokaryotic host cell of any one of embodiments 108-
113, for expressing a protein or polypeptide of interest in the periplasm or the extracellular space

of a prokaryotic host cell.

[0420] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be understood that various alternatives to
the embodiments of the invention described herein may be employed in practicing the invention.
It is intended that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.

EXAMPLES

[0421] The following examples are given for the purpose of illustrating various embodiments of
the disclosure and are not meant to limit the present disclosure in any fashion. The present
examples, along with the methods described herein are presently representative embodiments, are
exemplary, and are not intended as limitations on the scope. Changes therein and other uses
which are encompassed within the spirit of the disclosure as defined by the scope of the claims
will occur to those skilled in the art.
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[0422] Example 1. Recombinant Protein Expression in Protease-Deficient Bacterial Host
Cells

[0423] Screening of protease-deficient host cell strains for production of intact recombinant
protein was carried out at 0.5 mL scale. In each of fifteen different protease-deficient P.
fluorescens strains, each of ten anti-TNF Fab’ (certolizumab) overexpression plasmids were
tested. Each of the ten overexpression plasmids (constructs 1-10) contained an expression
construct encoding the anti-TNF-alpha Fab’ heavy chain (HC, SEQ ID NO: 21, encoded by SEQ
ID NO: 22), and the anti-TNF-alpha Fab’ light chain (LC, SEQ ID NO: 23, encoded by SEQ ID
NO: 24), under control of the same promoter, Ptac. Constructs 1-9 each contained a plasmid
comprising an expression construct having sequences encoding, from 5°-3”: Leader 1 (L1) — HC
(SEQ ID NO: 21, encoded by SEQ ID NO: 22) - Leader 2 (L2) — LC (SEQ ID NO: 23, encoded
by SEQ ID NO: 24) — DsbC (SEQ ID NO: 60, encoded by SEQ ID NO: 79) (a co-transcriptional
P. fluorescens DsbC protein disulfide isomerase). Construct 10 contained p688-005, which did
not co-express DsbC. Like constructs 1-9, construct 10 comprised sequences encoding, from 5’-
3’, Leader 1 (L1) - HC (HC, SEQ ID NO: 21, encoded by SEQ ID NO: 22) - Leader 2 (L2) - LC
(SEQ ID NO: 23, encoded by SEQ ID NO: 24). The ten plasmids were the same except for the
differences in secretion signal sequences and differences noted for construct 10. In each of
constructs 1-9, L1 was a different secretion signal; constructs 3 and 10 had the same secretion
signal. In each of constructs 1-10, L2 was the Azu periplasmic secretion signal (SEQ ID NO: 13,
encoded by SEQ ID NO: 14). In construct 8, L1 was the SImt secretion signal (SEQ ID NO: 11,
encoded by SEQ ID NO: 12). Each light and heavy chain gene comprised a high translation
efficiency ribosome binding sequence (having 100% of the activity of the canonical Shine-
Dalgarno sequence, SEQ ID NO: 59) upstream of the start codon.

[0424] The expression plasmids were transformed into the P. fluorescens host strains in an
array format. The transformation reaction was initiated by mixing P. fluorescens competent cells
and plasmid DNA. A 25 pL aliquot of the mixture was transferred to a 96-multi-well
Nucleovette® plate (Lonza). Electroporation was carried out using the Nucleofector™ 96-well
Shuttle™ gystem (Lonza AG), and the electroporated cells were subsequently transferred to a
fresh 96-well deep well plate, containing S00 uL. M9 salts supplemented with 1% glucose
medium, and trace elements. The plates were incubated at 30 °C with shaking for 48 hours, to
generate seed cultures.

[0425] Ten pL aliquots of the seed cultures were transferred in duplicate into 96-well deep well
plates. Each well contained 500 pL of HTP-YE medium (Teknova), supplemented with trace

elements and 5% glycerol. The seed cultures, plated in the glycerol supplemented HTP media,
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were incubated for 24 hours, in a shaker, at 30°C. Isopropyl-B-D-1-thiogalactopyranoside
(IPTG) was added to each well at a final concentration of 0.3 mM to induce expression of the
Fab’. After 24 hours of induction, cell density was calculated by measuring the optical density at
600 nm (ODeco0). The cells were subsequently harvested, diluted 1:3 with 1X Phosphate Buffered
Saline (PBS) to a final volume of 400 uL, and frozen for later processing.

[0426] Soluble Lysate Sample Preparation for Analytical Characterization: The harvested
cell samples were diluted and lysed by sonication with a Cell Lysis Automated Sonication
System (CLASS, Scinomix) using a 24 probe tip horn. The lysates were centrifuged at 5,500 x g
for 15 minutes at 8 °C. The supernatant was collected and labeled as the soluble fraction. The
pellets were collected, resuspended in 400 uL of 1X PBS pH 7.4 by another round of sonication,
and labeled as the insoluble fraction.

[0427] Nonreducing SDS-CGE Analysis: The soluble and insoluble fractions were analyzed
by HTP microchip SDS capillary gel electrophoresis using a LabChip GXII instrument (Caliper
LifeSciences) with a HT Protein Express v2 chip and corresponding reagents (part numbers
760499 and 760328, respectively, Caliper LifeSciences). Samples were prepared following the
manufacturer’s protocol (Protein User Guide Document No. 450589, Rev. 3). Briefly, 4 uL
aliquots of either the soluble or the insoluble fraction samples was mixed with 14 uL of buffer in
96-well polypropylene conical well PCR plates heated at 95 °C for 5 minutes, and diluted with
70 pL deionized water. Lysates from null host strains, which were not transformed with the Fab’
expression plasmid, as well as host strains transformed with construct 10, were run as control in
parallel with test samples, and quantified using the system internal standard.

[0428] Fig. 1 shows the nonreducing SDS-CGE analysis of Fab’ protein produced by DC1032
and four other protease-deficient P. fluorescens strains tested. The twelve lanes for each strain
show, from left to right: far left lane - MW ladder with MW’s 16, 20, 29, 48, and 68 kD; lanes
numbered 1-10 — protein expressed using constructs 1-10, each encoding the Fab’ heavy and
light chain, and each having a nucleic acid sequence encoding a different periplasmic secretion
signal operably linked to the heavy chain gene and each having a nucleic acid sequence encoding
the Azu secretion signal operably linked to the light chain gene. Constructs 1-9 each co-express
P. fluorescens derived DsbC while construct 10 does not. Lane 12 (far right lane in each set) —
null host strain (with a null expression plasmid). From left to right, the first 12 lanes show Fab’
expression in host strain DC1084; the second 12 lanes show Fab’ protein expression in DC977;
the third 12 lanes show Fab’ protein expression in DC441; the fourth 12 lanes show Fab’ protein
expression in DC1032; and the fifth 12 lanes show Fab’ protein expression in DC509. The arrow

below the DC1032 lanes indicates the area of migration for the Fab’ degradation products.
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HPLC and LC-MS analyses of Protein L enriched Fab’ confirmed that the observed fragments
were derived from the Fab’.
[0429] Conclusion: In contrast with the other fourteen host strains tested, DC1032, which has
Prcl, Prc2 and HslUV protease deficiencies (by gene knockout), produced a high yield of
assembled Fab’ (up to 130 mg/L), with reduced degradation (see arrow at right indicating Fab’).
Construct 8 comprised a nucleic acid sequence encoding secretion signal Simt (SEQ ID NO: 11)
operably linked to the heavy chain gene, and a nucleic acid sequence encoding secretion signal
Azu (SEQ ID NO: 13) operably linked to the light chain gene, produced the highest assembled
Fab’ yields, and reduced degradation.
[0430] Example 2. Restoration of Protease-Deficient Bacterial Host Cell Growth
[0431] Growth of identified host strains at large scale
[0432] P. fluorescens host strains identified as described in Example 1 at the 0.5 mL scale were
grown at 2-liter (2L) scale (conventional bioreactor, CBR). Complete inactivation of both tail-
specific protein genes (Prc) in P. fluorescens prevented high cell density growth in bioreactors.
A similar effect previously was reported regarding E. coli tail-specific protease mutants, e.g., by
U.S. Pat. No. 9,493,559, EP1341899 B1, “Bacterial host strains,” and Hara, H. et al., 1991, each
incorporated herein by reference in its entirety.
[0433] Fig. 2 shows growth curves (OD575 vs fermentation time in hours) for DC1032 host cell
strains at 2L scale. Cells were grown at 32 degrees C, pH 6.5 induced with IPTG at 25.5 hours
and the induction phase proceeded for 36 hours. Strain STR36306 (DC1032 + p688-048 (Fab’
expression plasmid); grew to a maximum ODS575 of about 27, and STR94998 (DC1032 + null
plasmid, grew to a maximum ODS575 of about 50). These Prc-deficient strains failed to grow
beyond an OD575 of 20-50, and showed evidence of cell lysis. In contrast, strains expressing
both functional copies of Prc (Prc1 and Prc2) grew to an OD575 of up to 130 in 2L bioreactors
within 18-26 hours (data not shown).
[0434] E. coli strategy fuils to restore high-density cell growth to Pseudomonas host strains
[0435] Previous studies showed that in . coli, deletion of the gene encoding tail-specific
protease Tsp/Prc (an orthologue of Pseudomonas Prc) inhibits growth at high density
fermentation, and that inactivation of Spr (the £. coli analogue of Pseudomonas MepS1) by
amino acid substitution restored F. coli growth to an OD of greater than or equal to 200 at 575nm
(e.g., U.S. Pat. No. 9,493,559, EP1341899 B1, and Hara, H. et al., 1991). This strategy proved
unsuccessful in P. fluorescens Prc null strains. As shown in Fig. 2, growth of Prc null strains
was not restored by deficiency in MepS1, MepS2, or both. As shown, the strain STR94994,
DC1032 additionally having a MepS1 deletion, grew to a maximum ODS575 of about 23, the
strain STR94995, DC1032 having a MepS2 deletion, grew to a maximum ODS575 of about 33,
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and the strain STR94996, DC1032 having deletions of both MepS1 and MepS2, grew to a
maximum ODS75 of about 23. (Strains STR94994, STR94995 and STR94996 each contained
p688-048).

[0436] Adaptive Laboratory Evolution of Prcl- and Prc2-deficient host cells

[0437] Prc deficient host strains with restored high-cell density growth were developed.

Table 4: P. fluorescens host strains used in Adaptive Laboratory Evolution Studies

Strain Gene Deletions Other
DC1032 prel, pre2, hslUV, pyrF Isc::lacIQl
DC954 prel, pre2, pyrF Isc::lacIQ1
DC454 pyrF Isc::laclQ1

[0438] DC954 was subjected to adaptive laboratory evolution (ALE) under growth conditions
that are lethal to Prc null strains. ALE and similar strategies have been described in the
literature, e.g., in E. coli, by Hara, H. et al., 1991. In ALE, bacterial strains with reduced
tolerance to stress (including protease-deficient mutants) are subjected to sub-optimal growth
conditions - here, low salt and high temperature — that prohibit growth unless further
chromosomal mutation arises.

[0439] DC954 was grown at high temperature (36 deg C, as opposed to the cells’ optimal growth
temperature of 30-32 deg C) on a modified hypotonic Luria-Bertani (LB) medium agar recipe
similar to that described by Hara et al., 1991. Fig. 3A shows growth of DC954 colonies, on 1X
LB agar medium in the absence of NaCl, and in the presence of uracil added to allow growth
given the pyrF deletion, at 36 deg C. As shown, under these conditions DC954 formed colonies
with background growth. In Fig. 3B, the left plate shows growth of DC454 (essentially wild-
type) on only one-half-X LB agar medium in the absence of NaCl, with uracil, at 36 deg C.
Growth was slower than on 1X LB, but these growth conditions were not lethal to DC454. The
right plate in Fig. 3B shows growth of DC954 on one-half-X LB agar medium in the absence of
NaCl, with uracil, at 36 deg C. Under these growth conditions, background growth was greatly
reduced or eliminated, but several robust single colonies survived. The single colonies, as
indicated, suggested cells that had adapted (evolved) to the sub-optimal growth conditions by
further mutation. These colonies were picked for further characterization.

[0440] The chromosomal MepS, MepM and MepH orthologues in the evolved cells were
sequenced. MepM1 was found to have acquired mutations consistent with its inactivation. The
identified mutations were: Y248stop, D334N, G332S, A337T, H411Y, and P410L. These
mutations restored growth at 2L scale when co-expressed with an empty vector rescuing
auxotrophy to uracil. Therefore, inactivation of MepM1 restored high cell density growth to
DC954.
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Table 5: Growth of Evolved vs Unevolved P. fluorescens host strains (Fig. 4)

Strain# | Evolved | Prc Host Cell Genotype Plasmid (]3%1;;%’)
Evolved from DC954:
1 Aprel, Aprc2, . High
prisso | Yo | Nul b neoMi(P410L), ApyrF, | POS8-048 (Fab DsbC) | oot 140)
Isc::laclQl
2 DC1032: Aprcl, Aprc2, Low
STR36306 No Null AhslUV, ApyrF, Isc::laclQ1 p688-048 (Fab’ DsbC) (less than 50)
Aprel, Aprc2,
3 .
MepM1(P410L), ApyrF, pDOW1169 (empty High
PF1557 Yes Null P by expression vector) (at least 150)
Isc::laclQ1
4 pDOW1169 (empty High
+ N .
DC432 No DC434: ApyrF expression vector) (at least 175)

*Bolding in column 4 indicates mutation acquired by evolution.

[0441] Fig. 4 shows that evolved Prc null strain #’s 1 and 3 grew to high cell densities (OD575
of 132-150), as did unevolved Prc+ strain #4. However, unevolved Prc null strain 2 grew to an
ODS575 of less than 50. (See Table 5.) The Production phase was conducted at 32 deg C, pH 6.5
for a duration of 48 hrs.

[0442] Generation of combinatorial MepS and MepM deficiencies in a Prc null background
[0443] A series of MepS and MepM knockout mutants were generated for systematic testing in
Pre-deficient P. fluorescens (AprclAprc2, ApyrF). Homologous regions to MepS1, MepS2,
MepM1 and MepM?2 were synthesized and subcloned by blunt end restriction digest into a non-
pseudomonas replicating vector, and selected by rescued prototrophy for uracil.

[0444] Transformation was carried out electroporating lug of plasmid DNA into electro
competent prc knockout P. fluorescens cell lines. Selection for integration was done by plating
transformed cells onto M9 minimal media + ImM MgCl, + 1.5% agar and allowed to select for
2-3 days at 30 deg C. A second recombination step was selected for by picking single colonies
into LB media + 250 ug/ml uracil overnight. The following day several dilutions of the saturated
culture was spread onto a 0.5X LB, 500 ug/ml 5-FOA + 250 ug/ml uracil 1.5% agar plate. This
second recombination event knocks out out the open reading frame, and a non-replicating
plasmid is dropped from cells through 5-FOA counter-selection of the pyrF gene. Single
colonies were picked into liquid 0.5X LB, 500ug/ml 5-FOA + 250ug/ml uracil and grown
overnight at 30 deg C. For colony PCR, primers were designed outside of the homology arm
regions above and knockouts were confirmed by size analysis on an ethidium bromide stained
agarose after amplification by PCR.

[0445] Screening of combinatorial mutants
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[0446] For growth phenotype analysis, the knockout strains were grown overnight in M9 media
+ ImM MgClz + 250ug/ml uracil (M9/Ura) to allow growth given the pyrF deletion. The
following day, saturated liquid cultures were diluted 1:100 in M9/Ura followed by five 10-fold
serial dilutions in M9/Ura. The cultures were then incubated under suboptimal conditions by
spotting (5 ul) onto a 0.5X LB (no NaCl, 250ug/ml uracil) 1.5% agar plate and incubating at 36
deg C for 48 hours.

[0447] Table 6 shows the combinatorial Mep deficient mutants screened. Unlike rescue of Tsp
mutants by Spr mutation reported in E. coli, MepS1 deficiency in P. fluorescens unexpectedly
did not restore high density growth to the Prc deficient mutant. Fig. S shows the screening
results. The sequentially lower dilutions were applied from the top to bottom of each row on the
plate as oriented in the figure. Column 1 contains Prc-deficient mutant DC1032, which fails to
grow under the sub-optimal conditions, and Row 10 shows growth of a Prc+ ApyrF strain (wild-
type control) under the same conditions. As observed in the other rows:

[0448] Column 2 - the presence of a MepM1 deficiency successfully restores growth to the Prc
deficient mutant at all titers.

[0449] Column 3 - the presence of a MepS1 deficiency eliminates the ability of a MepM1
deficiency to restore growth.

[0450] Column 4 - the presence of a MepS2 deficiency does not affect the ability of a MepM1
deficiency to restore growth.

[0451] Column 5 - the presence of MepS1 and MepS2 deficiencies eliminate the ability of a
MepMI1 deficiency to restore growth.

[0452] Column 6 - the presence of a MepM2 deficiency fails to restore growth to the Prc
deficient mutant.

[0453] Column 7 - the presence of MepM2 and MepS1 deficiencies do not restore growth to the
Prc deficient mutant.

[0454] Column 8 - the presence of MepM2 and MepS2 deficiencies do not restore growth to the
Prc deficient mutant.

[0455] Column 9 - the presence of MepM2, MepS1, and MepS2 deficiencies do not restore
growth to the Prc deficient mutant.

[0456] A host cell having all four deficiencies (MepM1, MepM2, MepS1, and MepS2) was not
successfully isolated, suggesting lethality in the Prc deficient mutant.

[0457] The growth observed in Fig. 5 is noted in the fourth column of Table 6.

Table 6: Combinatorial Mep knockout (KO) mutants screened (all Prc null)

Mep KO ID Genotype Fig. 5 Result

MepS1 PF1561 | AprclAprc2, AhslUV, AmepS1, ApyrF, Isc::laclQ1 | No growth
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MepS2 PF1582 | AprclAprc2, AhslUV, AmepS2, ApyrF, Isc::lacIQ1 | Not tested
MepS1/Mep | PF1562 | AprclApre2, AhslUV, AmepS1, AmepS2, ApyrF, Not tested
S2 Isc::lacIQ1
MepM1 PF1559 | AprclAprc2, AhslUV, AmepM1, ApyrF, Isc::lacIQ1 | Row 2: growth
++
MepM2 PF1572 | AprclApre2, AhslUV, AmepM?2, ApyrF, Isc::lacIQ1 | Row 6: no
growth
MepM1/Me | PF1584 | Aprcl1Aprc2, AhslUV, AmepM1, AmepM2, ApyrF, | Not tested
pM2 Isc::laclQ
MepS1/Mep | PF1588 | AprclAprc2, AhslUV, AmepS1, AmepM1, ApyrF, Row 3: no
Ml Isc::laclQ growth
MepS1/Mep | PE1590 | AprclApre2, AhslUV, AmepS1, AmepS2, AmepM]1, | Row 5: no
S2/MepM 1 ApyrF, Isc::laclQ1 growth
MepS1/Mep | unable | AprclAprc2, AhslUV, AmepS1, AmepS2, AmepM1, | Not tested
S2/MepM1/ | to AmepM2, ApyrF, Isc::laclQ1
MepM2 isolate
MepS1/Mep | PF1577 | AprclAprc2, AhslUV, AmepS1, AmepM2, ApyrF, | Row 7: no
M2 Isc::laclQ1 growth
MepS2/Mep | PF1560 | AprclAprc2, AhslUV, AmepS2, AmepM1, ApyrF, | Row 4: growth
Ml Isc::lacIQ1 +
MepS2/Mep | PF1573 | AprclApre2, AhslUV, A mepS2, A mepM2, ApyrF, | Row 8: no
M2 Isc::lacIQ1 growth
MepS1/Mep | PF1575 | AprclAprc2, AhslUV, A mepS1, AmepS2, A Row 9: no
S2/MepM2 mepM2, growth
ApyrF, Isc::lacIQ1

[0458] Conclusion: MepM1 deficiency restores growth to Pre-deficient Pseudomonas strains.

Deficiency in any one or more of MepS1, MepS2, and MepM?2 activity fails to restore growth to

a Pseudomonas Prc-deficient mutant. Unexpectedly, in the presence of a MepS1 deficiency the

growth advantage conferred by the MepM1 deficiency is eliminated. To restore high cell density

growth to Prc-deficient P. fluorescens, it is necessary to inactivate MepM 1 while leaving a

functional copy of MepS1.

[0459] Example 3. Optimal conditions for robust growth and Fab’ production by

recombinant host strains

[0460] Based on the combinatorial knockout data, two host strains having different protease

knockouts and containing the anti-TNF-alpha Fab’ expression plasmid, p688-48, were generated

and tested for growth and recombinant protein production under varying induction conditions
including two temperatures (25 deg C and 32 deg C), pH (6 and 7.2), and induction OD575 (60
and 120). Table 7 shows pH, temperature, induction OD575, and Fab’ titers at 24, 48, 72, and
120 hours post induction for each of the two strains, STR87639 (AprcAlprc2, AhslUV, A
mepM1, ApyrF, Isc::lacIQ1) + p688-048 and STR87640 (AprclAprc2, AhslUV, A mepM1, A

mepS2, ApyrF, Isc::laclQ1) + p688-048. Samples analyzed were prepared from soluble fractions

of whole fermentation broth harvested at 24, 48 and 72 hours post induction. Soluble fractions

were prepared by sonication of diluted whole fermentation, followed by centrifugation to

151




WO 2022/261377 PCT/US2022/032911

separate soluble and insoluble fractions. At 120 hours post induction, samples analyzed were
prepared from cell free culture supernatant (cell free broth) following centrifugation of whole
broth to separate the cell pellet and cell free broth. Titer of assembled Fab measured using non-
reducing SDS-CGE analysis, using the system internal mass ladder.

[0461] Table 7. Growth condition study data

Ferm. | StrainID | pH Temp Induc- Titer Titer | Titer at | Titer
Run © tion at124 | atlI48 172 at 1120
No. OD575 | (mg/L) | (mg/L) | (mg/L) | (mg/L)

1 STR87639 | 7.2 25 60 0 0 0 0

2 STR87639 | 6 25 120 0 0 147 230
3 STR87639 | 6 32 60 0 549 414 272
4 STR87639 | 7.2 32 120 0 0 46 12
5 STR87640 | 7.2 25 60 0 0 0 55
6 STR87640 | 6 25 120 0 0 0 96
7 STR87640 | 6 32 60 176 237 204 254
8 STR87640 | 7.2 32 120 0 0 0 70

[0462] 124: 24 hours post induction; I48: 48 hours post induction, 172: 72 hours post induction,
1120: 120 hours post induction. Samples analyzed prepared from whole broth at 24, 48 and 72
hours post induction. Samples analyzed prepared from cell free culture supernatant (cell free
broth) 120 hours post induction. Titer = assembled Fab measured using non-reducing SDS-CGE
analysis.

[0463] The STR87639 lysate was analyzed by LC-MS and found to contain several species in the
non-reduced intact mass, including HC / LC / LC dimer, and fragments of both HC and LC, and
assemblies that include HC and LC fragments. The correct Fab mass (47,761) was observed in
low abundance.

[0464] Conclusion: Both STR87639 and STR87640 produced the highest Fab’ yields at pH 6.0,
32 deg C, and when induced at an OD575 of 60. STR87639 produced the highest yield, but
accumulated proteolytic fragments of the Fab’ heavy and light chains.

[0465] Example 4. Optimization of host strains for recombinant protein production I;
identification of additional proteases that influence recombinant protein quality

[0466] Identification of proteases
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[0467] To identify other factors that influence proteolysis of the anti-TNF-alpha Fab’ fragment,
two intermediate strains were created by introducing plasmid p688-048 containing the open
reading frame of the anti-TNF-alpha Fab’ heavy chain and light chain, and a co-transcriptional P.
fTuorescens DsbC protein disulfide isomerase on host backgrounds DC1032: Aprcl, Aprc2,
AhsIUV, ApyrF, Isc::1acI?! (creating STR36036), and DC867: AprclApre2, MepM1(P410L),
ApyrF, Isc::lacI ?! (creating PF1558). Biological replicates were grown in duplicate and sampled
along the growth curve representing the initial culture seeded at low cell density, mid log phase
growth, time post induction (I) at 12hr, and 48hr. The samples were processed for whole
transcriptomic RNA sequencing at Genewiz (San Diego, CA). Quality trimmed Fastq files were
returned and processed using the open sourced software STAR aligner compiled from source
code and run with the following parameters: outSAMtype BAM SortedByCoordinate and
quantMode GeneCounts. (See, e.g., Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C,
Jha S, Batut P, Chaisson M, Gingeras TR. STAR: ultrafast universal RNA-seq aligner.
Bioinformatics. 2013 Jan 1;29(1):15-21. doi: 10.1093/bioinformatics/bts635. Epub 2012 Oct 25.
PMID: 23104886; PMCID: PMC3530905, incorporated herein by reference.) Quantified genes
were annotated into a data frame using the open sourced featurecounts software compiled from
source code (as described by Liao Y, Smyth GK and Shi W. featureCounts: an efficient general-
purpose program for assigning sequence reads to genomic features. Bioinformatics, 30(7):923-
30, 2014, incorporated herein by reference) and the data was normalized and fitted to a linear
regression model with interactions. Statistical significance of gene counts was done by
calculating pValues based on the Wald test of the mean normalized gene counts between
STR36306 (functional MepM1) and PF1558 (deficient MepM1). Genes impacting upregulation
were visualized by volcano plot by plotting statistical significance (pValue) versus log2fold
change of the mean normalized transcript counts cumulatively over time and between seed and
112. Time points used for comparison were taken from samples exhibiting the greatest change
via a principal component analysis. The results are shown in Tables 8 and 9.

[0468] Table 8. RNAseq comparing DC1032 host with MepM1-deficient host

Gene GenelD log2fold change* SEQ ID NO
PROKKAO01104 Serralysin precursor; 0.61382 9
extracellular alkaline

metalloprotease
(RXF04495.2;
PROKKA 01104)
PROKKAO1141 Protease HtpX 1.7 39
(RXF05137,
PROKKA 01141)
amino acid

153



WO 2022/261377 PCT/US2022/032911

PROKKA02909 Protease Murein L. D 1.11 41
transpeptidase
(RXF01911,
PROKKA 02909)
amino acid
PROKKAO01390 DegP2 -0.423888 (p=0.18) 31
[0469] *Cumulative difference across all fermentation time up to I12; p value < 0.05.

[0470] Table 9. Transcription over fermentation time in MepM1-deficient host

Gene GenelD log2fold change* SEQID NO
PROKKAO01104 Serralysin precursor; 3.01 9
extracellular alkaline

metalloprotease
(RXF04495 .2,
PROKKA 01104)
PROKKAO1141 Protease HtpX 4.96 39
(RXF05137,
PROKKA 01141)
amino acid
PROKKA02909 Protease Murein L,D 2.0 41
transpeptidase
(RXF01911,
PROKKA._02909)
amino acid
PROKKA01390 DegP2 -0.783 (p=0.01) 31
[0471] *112 vs. Seed; p value <0.05.

[0472] Conclusion: This comparative analysis showed that extracellular alkaline metalloprotease

RXF04495.2 belonging to the matrix metalloprotease class EC 3.4.24.40 (SEQ ID NO: 9) is

upregulated both cumulatively and temporally across fermentation time in a Prc-deficient host
cell having a MepM1 deficiency when compared with a Prc-deficient MepM 1+ host cell.

[0473] Example S. Optimization of host strains for recombinant protein production II:
introduction of additional protease mutations and strain evaluation

[0474] Extracellular alkaline metalloprotease RXF04495.2 deficiency

[0475] Using a P. fluorescens host of genotype Aprcl, Aprc2, AhslUV, AmepM]1, an
RXF04495.2-deficient host was made by a method similar to that used to generate the
combinatorial knockouts of the genes described in Example 2, in this case using a RXF04495.2
homology arm (SEQ ID NO: 61). Colony PCR verified knockouts were used to create the
PF1596 host background having the following genotype: Aprcl, Aprc2, AhslUV, AmepMI1,
ARXF04495 2 metalloprotease, ApyrF, Isc::lacIQ1. Resulting host PF1596 was then transformed
with plasmid pFNX7800 containing the Fab’ only expression cassette encoding the Fab’ heavy
chain operably linked to the Slmt secretion signal (SEQ ID NO: 25) and the Fab’ light chain
operably linked to the Azu secretion signal (SEQ ID NO: 26). These heavy and light chains were
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expressed co-transciptionally, in a variety of host backgrounds under the control of a tac

promoter for IPTG inducible expression.

[0476] Further protease deficiencies and overexpressed proteins

[0477] DegP2 was selected as a further protease to inactivate and test in host strains for

recombinant protein expression. However, despite screening more than 2000 clones, no DegP2

inactivation was obtained in the candidate protease-deficient host backgrounds. As an alternative

approach, a catalytically dead DegP2 protease (DegP2 S219A, SEQ ID NO: 29) that outcompetes

the endogenous protease was expressed, either on a separate plasmid under the control of the

mannitol promoter (Pmtl), on the same plasmid under control of Pmtl, or co-transcriptionally
with the Fab” HC and LC. Folding modulator PDIA6 (SEQ ID NO: 27) was expressed co-

transcriptionally.

[0478] Evaluation of Protease-Deficient Host Strains
[0479] The anti-TNF-alpha Fab’ produced by the recombinant host strains described in Table 10

was evaluated for light chain proteolysis and/or heavy chain clipping.

[0480] Table 10. Recombinant protease-deficient host strains

Strain ID Host ID Genotype Aﬂ?ﬁl:::c?gdsg;:lceondc?:*
pFNX7420:
Fab’ HC (SEQ ID NO: 25), LC
AprclApre2, AhslUV, | (SEQ ID NO: 26) (genes co-
1 STR92557 | PF1559 AmepM1, ApyrF, | transcribed from Ptac),
Isc: TaclC! DegP2S219A (SEQ ID NO: 29)
(gene transcribed from Pmtl),
PyrF
P688-048:
AprclApre2, AhslUV, | Fab’ HC (SEQ ID NO: 25), LC
2 STR87639 | PF1559 AmepM1, ApyrF, | (SEQ ID NO: 26), DsbC (SEQ
Isc::lacI® ID NO: 60) (genes co-
transcribed from Ptac), PyrF
PFNX7422:
AprclAprc2, AhsIUV, | Fab’ HC (SEQ ID NO: 25), LC
3 STR92567 | PF1559 AmepM1, ApyrF, | (SEQ ID NO: 26), PDIAG6 (SEQ
Isc::lacI? 1D NO: 27) (genes all co-
transcribed from Ptac), PyrF
AprclAprc2, AhslUV, | pFNX7800:
AmepM1, Fab’ HC (SEQ ID NO: 25), LC
4 STR94974 PF1596 ARXF04495.2; (SEQ ID NO: 26) (genes co-
metalloendopeptidase, | transcribed from Ptac), PyrF
ApyrF Isc::lacI®!
pFNX7420:
5 STR94975 | PF1596 Apmliprcz’ o TUY [ Fab’ HC (SEQ ID NO 25),1.C
mepMI, (SEQ ID NO: 26) (genes co-
ARXF04495 2, )

transcribed from Ptac)

155




WO 2022/261377

PCT/US2022/032911

metalloendopeptidase,
ApyrF, Isc::lacI?

DegP2S219A (SEQ ID NO: 29)
(transcribed from Pmtl), PyrF

AprclAprc2, AhslUV,

pFNX7421:

AmepM]1, Fab’ HC (SEQ ID NO: 25), LC
6 STR94976 PF1596 ARXF04495.2; (SEQ ID NO: 26), DegP2S219A
metalloendopeptidase, | (SEQ ID NO: 29) (genes co-
ApytF, Isc::lacI? transcribed from Ptac), PyrF
AprclApre2, AhslUV, | pFNX7422:
AmepM1, Fab’ HC (SEQ ID NO: 25), LC
7 STR94977 PF15%96 ARXF04495.2; (SEQ ID NO: 26), PDIAG6 (SEQ

metalloendopeptidase,
ApyrF, 1sc::lacI?

ID NO: 27) (genes co-
transcribed from Ptac), PyrF

[0481] *In each plasmid, the HC (heavy chain) and LC (light chain) amino acid sequences
include N-terminally fused secretion signals Slmt (SEQ ID NO: 11) and Azu (SEQ ID NO: 13),

respectively, as annotated in Table 14 for SEQ ID NOS: 25 and 26. Corresponding nucleic acid
sequences used are as shown in Table 14 (SEQ ID NO: 25 is a fusion of SEQ ID NOS: 11 and
21, encoded by SEQ ID NOS: 12 and 22, respectively; SEQ ID NO: 26 is a fusion of SEQ ID
NOS: 13 and 23, encoded by SEQ ID NOS: 14 and 24, respectively).

[0482] The host strains in Table 10 above were cultured and induced according to the design

shown in Table 11 below.

[0483] Table 11. Induction Design

Unit Harvest at Strain ID Actual Induction OD
DG3 ul 124 STR92557 105
DG3 u2 124 STR92557 96.8

mtl promoter

DG3 u3 136 STR92557 100
DG3 u4 148 STR92557 108.6
DG3 us 124 STR94973 97.6
DG3 u6 136 STR94973 83
DG3 u7 148 STR94973 87.4
DG3 u8 124 STR94974 105.8
DG4 ul 136 STR94974 87.6
DG4 u2 148 STR94974 97.4
DG4 u3 124 STR94975 1104
DG4 _u4 136 STR94975 106.8
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DG4 us 148 STR94975 103
DG4 u6 124 STR94976 78.8
DG4 u7 136 STR94976 87

DG4 u8 148 STR94976 93.8

[0484] Strains were grown at pH 6.0, 32 deg C, in mineral salts medium with glycerol as a
carbon source induced at the OD575 as shown, and harvested at 24, 36, or 48 hours after
induction. The harvested cells were suspended to 25% solids in 75 mM phosphate, 100 mM
sodium chloride, pH 7. The cell suspension was then lysed/homogenized and centrifuged at
15,000 x g for 30 minutes. Clarified lysate was then loaded onto a Protein L resin pre-
equilibrated with 75 mM phosphate, 100 mM NaCl, pH 7.4. The affinity captured Fab’ was
washed with 3 column volumes (CV’s) of 50mM BisTris, 1M NaCl, pH 7.0 followed by 3 CV’s
of 50mM Tris, pH 7.2. The Fab’ was eluted with 3-10 CV’s of elution buffer (75mM acetate, pH
3.4) and immediately neutralized to pH 7-8 with 2.4 M Tris base. Purity of the Fab’ was assessed
with reduced and non-reduced SDS-CGE.

[0485] Light chain proteolysis in protease-deficient host strains

[0486] Proteolysis of the Fab’ fragment was quantitated by enriching the Fab’ using capto-L
affinity chromatography and subsequent imaging and quantification by NR-SDS-CGE of the
enriched fragments. The results are shown in Fig. 6. Strains were grown and harvested at the
post-induction times (in hours) as shown on the y-axis, and the recombinant protein was Capto-L
enriched and analyzed by NR-SDS-CGE. The x-axis shows the percent of proteolyzed light

chain species in each lane. A brief summary of the strains tested is shown in Table 12 below.

[0487] Table 12. Summary of recombinant protease-deficient host strains

Strain ID Host ID Secretion Deficient Co-overexpressed
Signal (HC/LC) | Protease Folding Modulator

Activities

STR92557 PF1559 Slmt/Azu Prc1/Prc2/hslUV | DegP2S219A
/MepM1

STR87639 PF1559 Simt/Azu Prc1/Prc2/hslUV | DsbC
/MepM 1

STR92567 PF1559 Simt/Azu Prc1/Prc2/hslUV | PDIAG (co-
/MepM1 transcriptional

with Fab’)

STR94974 PF1596 Simt/Azu Prc1/Prc2/hslUV | ---
/MepM1/
Metalloprotease

STR94975 PF1596 Simt/Azu Prc1/Prc2/hslUV | DegP2S219A
/MepM1/
Metalloprotease
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STR94976 PF1596 Slmt/Azu Prc1/Prc2/hslUV | DegP2S219A (co-
/MepM1/ transcriptional
Metalloprotease | with Fab’)

STR94977 PF1596 Slmt/Azu Prc1/Prc2/hslUV | PDIAG (co-
/MepM1/ transcriptional
Metalloprotease | with Fab’)

[0488] As shown by Fig. 6, the recombinant Fab’ light chain produced by STR94974, which is
deficient in MepM1 and the RXF04495.2 metalloprotease, was least proteolyzed. Proteolysis
was significantly decreased at 124 and I36. At 124 virtually no proteolysis was observed in
backgrounds containing deletion of RXF04495.2. The Fab’ expression in PF1596 shows a
further decrease of proteolysis by half at 136. The RXF04495.2 deficiency dramatically reduced
the degradation of the light chain (LC) of the Fab.

[0489] Titer of recombinant Fab’ produced by protease-deficient host strains

[0490] The anti-TNF-alpha Fab’ sample titers were obtained via biolayer interferometry using
the Octet Red 96 system, measuring TNF-a binding activity. Data were collected in Data
Acquisition software version 11.0. All experiments were performed in 1X kinetics buffer
(Sartorius, part number 18-1105). High-precision streptavidin biosensors (Sartorius, part number
18-5117) were incubated with 115 nM biotinylated TNF-o (Acro Biosystem, part number TNA-
HB8211) for 60 seconds followed by incubation in assay buffer for 60 seconds to establish a
baseline. The binding of the samples was then measured to detect active Fab’. The results for
the expression strains that produced the highest titers of active Fab’ are summarized below.
[0491] Fig. 7 shows that in host strains STR94974, STR94975, and STR94977, the anti-TNF-
alpha Fab’ fragment was produced at titers up to 1g/L at 24 hrs and 4g/L at 72 hrs, as assessed by
NR-SDS-CGE or by biolayer interferometry (BLI) with immobilized TNF-alpha. Host cell line
PF1596 can also be transformed with an expression cassette containing a fusion of the DsbA and
Azu secretion signals to the heavy and light chain amino acid sequences, respectively, which can
result in Fab’ titers up to 1 g/L at the 2L scale in MepM KO prc null lines by NR-CGE analysis
(data not shown).

[0492] Growth comparison of protease-deficient host strains

[0493] Figs. 8A and 8B compare growth of STR87639, which is Prc and MepM1 deficient, with
STR92557, STR92567, STR94974, and STR94976 for 24 and 48 hours after induction,
respectively. Growth phase was conducted at 32 deg C, pH 6.5, and the induction target was
OD575=80. The cells were induced with IPTG and production phase was conducted at 32 deg C,
pH 6.5 for either 24 or 48 hours. The overexpression of various folding modulators did not
appear to impact growth significantly, nor did stacking of the metalloprotease deletion
(STR94974 and STR94976). With the exception of STR87639 all strains continued to increase in

cell density for a period of time post induction
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[0494] Fig. 9 compares growth of P. fluorescens Prc-deficient Fab’ expression strains
STR87639, STR92473, STR94994, STR94995, and STR94996, and STR94998 (see Table 13).
Growth phase was conducted at 32 deg C, pH 6.5. Induction target OD575 was 100, carried out
at 32 deg, pH 6 (STR87639, STR92473), or was 80, carried out at 32 deg, pH 6.5 (others).
[0495] Lines, from top to bottom:

[0496] Closed circles, solid line: STR87639 (MepM 1 deficient)

[0497] Triangles, solid line: STR92473 (MepM1 and MepM2 deficient)

[0498] Diamonds, solid line: STR94995 (MepS2 deficient)

[0499] Circles, dashed line: STR94998 (not MepM or MepS deficient; no expression construct)
[0500] Open circles, solid line: STR94996 (MepS1 and MepS2 deficient)

[0501] Squares, solid line: STR94994 (MepS1 deficient)

[0502] The results showed that deficiency in MepS1, MepS2, or both MepS1 and MepS2, failed
to restore growth in Prc-deficient host cells. Deficiency in MepM1 or both MepM1 and MepM2,
restored growth in Prc-deficient host cells.

[0503] Table 13. Recombinant protease-deficient host strains used in Fig. 9 growth

comparison
Strain ID Host ID Genotype Aﬂ?;‘:fgg%g‘:f:ﬂii‘: N
P688-048:
AprclAprc2, AhslUV, | Fab’ HC (SEQ ID NO: 25), LC
1 STR87639 | PF1559 AmepM1, ApyrF, | (SEQ ID NO: 26), DsbC (SEQ
Isc:-lacl?! ID NO: 60) all co-transcribed
from Ptac, PyrF
P688-048:

AprclApre2, AhslUV, | Fab’ HC (SEQ ID NO: 25), LC
2 STR92473 | PF1584 | AmepMI, AmepM2, | (SEQ ID NO: 26), DsbC (SEQ
ApyrF, Isc::lacI?' | ID NO: 60) all co-transcribed
from Ptac, PyrF

P688-048:
Aprel, Apre2, AhsIUV, | Fab” HC (SEQ ID NO: 25), LC
3 STR94995 PF1582 AmepS2, ApyrF, (SEQ ID NO: 26), DsbC (SEQ
Isc::lacIQ1 ID NO: 60) all co-transcribed

from Ptac, PyrF

4 STR94998 | DC1032 | Aprel Apre2, AbsIUV, | pDOW1169:

ApyrF, Isc::lacIQ1 empty expression vector
P688-048:
Aprel, Apre2, AhslUV, | Fab’ HC (SEQ ID NO: 25), LC
5 STR94996 | PF1562 | AmepSl, AmepS2, | (SEQ ID NO: 26), DsbC (SEQ

ApyrF, Isc::1aclQ1 ID NO: 60) all co-transcribed
from Ptac, PyrF
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P688-048:
Aprel, Apre2, AhslUV, | Fab’ HC (SEQ ID NO: 25), LC
6 STR94994 | PF1583 AmepS1, ApyrF, | (SEQ ID NO: 26), DsbC (SEQ
Isc::laclQ1 ID NO: 60) all co-transcribed
from Ptac, PyrF

[0504] *In each plasmid, the HC (heavy chain) and LC (light chain) amino acid sequences
include N-terminally fused secretion signals Slmt (SEQ ID NO: 11) and Azu (SEQ ID NO: 13),
respectively, as annotated in Table 14 for SEQ ID NOS: 25 and 26. Corresponding nucleic acid
sequences used are as shown in Table 14 (SEQ ID NO: 25 is a fusion of SEQ ID NOS: 11 and
21, encoded by SEQ ID NOS: 12 and 22, respectively; SEQ ID NO: 26 is a fusion of SEQ ID
NOS: 13 and 23, encoded by SEQ ID NOS: 14 and 24, respectively).

Table 14. Table of Sequences

SEQ | Name Sequence*

1D

NO

1 MepMI1 amino acid MTTEPSKAPPLYPKTHLLAASGIAALLSLALLVEFPSSDVEAKRT
RXF01291 SLSLDLESPVEQLTQDODASDAQQATNTATESPFAQIESTPEDT
P. fluorescens QOAAQEAPAAAKSPQHREVIVGKGDTLSTLFEKVGLPAAARVNDV

LASDKQAKQFTQLKRGQKLEFELTPDGQLNNLYTSISDLESISL
SKGAKGFAFNRITTKPVMRSAYVHGVINSSLSQSAARAGLSHSM
TMDMASVEFGYDIDFAQDIRQGDEFDVIYEQKVANGKVVGTGNIL
SARFTNRGKTYTAVRYTNKQGNSSYYTADGNSMRKAFIRTPVDF
ARISSRFSMGRKHPILNKIRAHKGVDYAAPRGTPIKAAGDGKVL
LAGRRGGYGNTVIIQHGNTYRTLYGEMQGFAKGVKTGGNVKQGQ
VIGYIGTTGLSTGPHLHYEFQVNGVHVDPLGOKLPMADPIAKAE
RARFMQQSQPLMARMDQERSTLLASAKR

2 MepMI example ATGACCACTGAACCGTCTAAAGCGCCGCCGCTTTACCCGAAGALC
nucleic acid CCACCTGCTCGCCGCAAGTGGTATCGCCGCCCTTCTCAGCCTGG
encoding SEQ ID CACTGCTGGTATTCCCTTCCAGTGACGTTGAAGCCAAACGAACA
NO: 1 TCCCTGAGCCTTGATCTGGAAAGCCCAGTTGAACAACTGACACA
AGATCAAGACGCTTCCGACGCTCAACAAGCCACAAACACTGCAA
CTGAATCACCTTTCGCCCAGATCGAAAGCACACCCGAAGACACC
CAGCAAGCCGCCCAGGAAGCACCTGCAGCAGCCAAGAGTCCCCA
GCATCGCGAAGTCATCGTGGGCAAAGGCGACACACTCTCGACCC
TGTTCGARARAGTTGGGTTGCCTGCCGCCGCTGTARATGACGTG
CTCGCCAGCGATAAGCAAGCCAAGCAATTCACTCAGCTCAAACG
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TGGTCAARAGCTTGAATTTGAGCTGACGCCAGACGGCCAGTTGA
ACAACCTGTACACCAGCATCAGTGACTTGGARAGCATCAGCCTG
AGCAAAGGCGCCAAAGGCTTCGCATTCAACAGAATCACCACCAA
ACCCGTCATGCGTTCCGCCTACGTACATGGCGTGATCAACAGCT
CCCTIGTCGCAGTCGGCCGCGCGTGCGGGCCTGTCGCATAGCATG
ACCATGGACATGGCCAGCGTATTTGGCTACGACATCGACTTCGC
CCAGGACATCCGTCAAGGCGACGAATTCGACGTGATCTACGAAC
AGAAAGTAGCCAACGGAAAAGTGGTCGGCACTGGCAACATTCTT
TCTGCACGCTTCACARACCGTGGCAAAACCTACACCGCCGTGCG
CTACACCAACAAACAAGGCAACAGCAGCTACTACACGGCTGATG
GCAACAGCATGCGTAAGGCCTTCATCCGTACACCCGTTGACTTT
GCCCGTATTAGCTCGCGTTTCTCCATGGGCCGCAAGCATCCAAT
TCTGAACAAAATTCGCGCACACAAGGGCGTCGACTATGCCGCGC
CGCGTGGCACGCCAATCAAAGCAGCGGGCGACGGCAAGGTCTTG
TTGGCGGGGCGCCGTGGTGGTTACGGCAATACGGTGATCATCCA
GCACGGCAACACTTACCGCACGCTGTACGGCCACATGCAAGGGT
TCGCCAAGGGCGTCAAGACAGGCGGCAACGTGARACAGGGCCAA
GTGATCGGCTACATCGGTACCACCGGCCTCTCCACCGGCCCGCA
CTTGCACTACGAGTTCCAGGTCAACGGCGTACACGTCGACCCAT
TGGGCCAGAAGCTGCCGATGGCCGACCCGATTGCCAAGGCCGAA
CGCGCGCGCTTCATGCAACAGAGCCAGCCGCTGATGGCACGGAT
GGATCAAGAGCGCTCCACCTTGCTGGCTTCGGCGAAGCGTTAA

MepM2 amino acid
RXF03916

P. fluorescens

MPRLLSLLMLLCLTFNAHADSYITRTLNKPVPGGVAVVELGPSA
TAPKATYQGKPVLVVKEQDNWLAIVGIPLTVKPGNERISSGGRN
LPFIVGYKKYPEQRITLKNKSQVNPDPAQLKRIEGELAVQLKAY
RSFSPNLPSNLVLDKPVNGPLSSKFGVRRFENGEERNPHSGLDE
AVPAGTPIKTPANGKVILVGNYFENGNTVEVDHGQGFISMEFCHM
SKIDVRVGQOQLVRGAVVGKVGSTGRATGPHMHWNVSLNDARVDP
ATFIGAFQP

MepM2 example
nucleic acid
encoding SEQ ID
NO: 3

ATGCCACGCCTACTGAGCCTGTTGATGCTGTTGTGCCTCACGTT
TAACGCCCACGCCGACAGCTACATCACGCGAACCCTGAACARAC
CCGTGCCTGGCGGCGTGGCCGTCGTCGAACTAGGCCCTTCGGCC
ACAGCGCCGAAAGCCACCTACCAGGGCAAGCCGGTGCTGGTGGT
CAAGGAGCAGGACAACTGGCTGGCGATTGTCGGCATCCCGTTGA
CGGTCAAGCCTGGCAACGAGCGCATCAGCAGCGGGGGGCGCAAL
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CTGCCGTTTATCGTCGGCTACAAGAAGTATCCGGAACAACGCAT
CACCTTGAAGAACAAAAGCCAGGTCAACCCCGACCCGGCCCAGC
TCAAGCGCATCGAAGGCGAATTGGCAGTGCAGCTCAAGGCTTAC
CGCAGCTTCAGCCCGAATTTGCCGAGCAATCTGGTGCTGGATAA
ACCGGTGAACGGGCCGCTGTCGAGCAAGTTCGGGGTGCGACGCT
TCTTCAACGGCGAAGAGCGCAACCCGCACTCGGGCCTGGACTTC
GCCGTACCGGCCGGCACACCGATCAAGACACCCGCCAATGGCAA
GGTGATTCTGGTCGGCAATTACTTCTTCAACGGCAATACCGTGT
TTGTCGACCATGGCCAGGGGTTTATCAGCATGTTCTGCCATATG
TCGAAGATCGATGTGAGGGTGGGTCAGCAACTGGTGCGCGGTGC
GGTAGTCGGCAAAGTAGGCTCGACAGGCCGGGCCACTGGGCCGL
ATATGCACTGGAACGTCAGCCTGAACGATGCACGGGTAGATCCG
GCGATTTTTATCGGCGCGTTTCAACCCTGA

MepS1 amino acid
RXF04923

P. fluorescens

MLNRFAPLVPLALVTLLEFGCASHPQOVAEQOKPOVONQAKEFVAA
QSASVYEEEVATEKELAEFSDSKPYQLPLLADSILERGMSLIGT
RYRFGGTSEAGFDCSGFIGYLFREEAGMNLPRSTREMINVNAPL
VARNNLKPGDLLFFSTSGRGRVSHAGIYLGDNQFIHSSSRRSGG
VRVDNLGDSYWSKTFIEAKRALAMAPTTVTASK

MepS1 example
nucleic acid
encoding SEQ ID
NO: 5

ATGCTAAATCGCTTCGCACCCCTCGTGCCTCTCGCACTCGTTAC
CCTGTTGTTTIGGTTGCGCCTCCCACCCTCAGCAGGTGGCAGAAL
AGCAAAANCCACAGGTTCAAAATCAGGCAAAGTTCGTTGCTGCA
CAGTCTGCTICTGTTTATGAAGAAGAGGTGGCAACCGAARAAGA
ACTCGCCGAGTTCTCCGACAGCAAGCCTTACCAGCTGCCACTTC
TGGCCGACAGCATCCTTGAGCGCGGCATGTCCTTGATCGGTACC
CGTTACCGTTTCGGCGGCACCTCGGAAGCCGGTTTTGATTGCAG
CGGTITTCATTGGCTACCTGTTTCGTGAAGAAGCCGGTATGAACC
TGCCGCGCTCCACGCGCGAGATGATCAACGTGAATGCACCGTTG
GTCGCACGAAACAACCTCAAGCCCGGTGATCTGCTTTTCTTTAG
TACCAGTGGCCGCGGTCGTGTCAGCCACGCCGGTATCTACCTGG
GCGATAACCAGTTTATTCATTCCAGCAGCCGCCGCAGTGGTGGT
GTTCGGGTCGATAACCTCGGTGACAGCTACTGGAGCAAAACCTT
CATCGAAGCCAAGCGCGCACTCGCCATGGCCCCGACGACGGTTA
CCGCTAGTAAGTAA

MepS2 amino acid

P. fluorescens

MSTSARLMLIVCAALLSACASRTPPPAPVAVKPKPVENYATONE
SPAAEDVLFRALGLVGTPYRWGGNTPDSGEDCSGLIGEVEFRDAA
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GISLPRTTRELIVMRAQDVSEQNLQOTGDLLFFATGGGSRVSHAG
IYVGEGRFVHAPQTGGTVKLDTLSKAYWONAYLSAKRVLPGNLA
RNP

MepS2 example
nucleic acid
encoding SEQ ID
NO: 7

ATGTCGACCTCGGCCCGCCTGATGCTTATTGTTTGCGCCGCGCT
GCTCAGCGCCTGCGCCAGTCGCACACCGCCGLCCGCGLCCGTCG
CGGTCAAGCCTAAGCCGGTGTTCAACTATGCCACCCAGAATTTC
TCGCCAGCTGCCGAAGACGTGCTCTTTCGTGCGCTGGGCCTGGT
CGGCACGCCTTATCGCTGGGGCGGCAACACACCGGACTCGGGTT
TTGATTGCAGCGGCCTGATCGGCTTTGTATTCCGCGACGCTGCT
GGCATCTCATTGCCGCGCACCACCCGTGAACTGATCGTGATGCG
TGCCCAGGACGTCAGCGAACARAACCTGCAGACCGGCGACCTGC
TGTTCTTCGCCACCGGTGGTGGTTCGCGGGTCAGCCATGCGGGT
ATTTATGTGGGGGAGGGGCGCTTCGTACACGCGCCGCAARCCGG
CGGTACGGTGAAGCTGGATACGCTATCCAAAGCGTATTGGCAGA
ATGCCTACCTGAGTGCCAAACGCGTGTTGCCAGGGAATCTGGCG
CGTAACCCCIGA

Serralysin precursor;
extracellular alkaline
metalloprotease
amino acid
(RXF04495.2;
PROKKA 01104)

P. fluorescens

MHIPVRQOSSYSRPSDKLOQPDLSPDEHQVVLWANNKKSEFTTDQAA
KHITRGGFKFHDRNNDGKIVVGYNFAGGEFNAAQKERARQALQOYW
ADVANIEFVENGPNTDGTISIKGVPGSAGVAGLPNKYNSNVOAN
IGTQGGONPAMGSHFLGLLIHELGHTLGLSHPGKYDGQGENYDR
AREYAQDTKARSVMSYWTETHOPGHNFAGRSPGAPMMDDIAAAQ
RLYGANTKTRNTDTTYGEFNSNSGREAYSLKQGSDKPIFTVWDGG
GNDTLDFSGFTONQTINLKAESFSDVGGLRGNVSIAKGVSVENA
IGGTGNDTLTGNEGNNRLTGGKGADKLHGGAGADTEFVYRRASDS
TPOAPDIIQODFQSGSDKIDLTGVVQEAGLKSLSEFVEKEFSGKAGE
AVLGODAKTGRFTLAVDTITGNGTADLLVASQSQIKQADVIWNGQ
APTVTPTPEPTVVPVSDPVPTPTSEPTEPEPTPEPAPLPVPTPR
PGGGFIGKIFSSFKGFIKKVWSIER

10

RXF04495.2
example nucleic acid

encoding sequence

SEQ ID NO: 9

ATGCATATCCCTGTTAGGCAGTCTTCTTACTCGCGTCCTTCAGA
TAAGTTACAGCCCGATCITTCACCCGATGAACACCAAGTTGTTC
TCTGGGCCAACAATAAAAAATCTTTCACCACGGATCAGGCCGCG
ARACACATCACCCGCGGTGGCTTCAAGTTTCATGATCGCAACAA
TGATGGAAARATCGTCGTIGGGTTATAACTTTGCGGGCGGCTTCA
ATGCGGCTCAGAAAGAACGGGCCAGGCAAGCCCTTCAGTACTGG
GCGGATGTTGCTAATATCGAATTTGTTGAAAATGGCCCGAACAC
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GGATGGCACAATAAGCATCAAGGGTGTTCCGGGTTCGGCAGGCG
TCGCGGGGTTGCCCAACAAATATAATTCGAACGTCCAGGCCAAT
ATAGGCACCCAGGGTGGGCAAAACCCGGCGATGGGCAGTCACTT
CCTGGGCTTATTGATCCATGAACTGGGGCATACCCTGGGGCTGA
GTCATCCAGGTAAATACGACGGCCAGGGTTTCAATTACGATCGG
GCTGCCGAATATGCCCAGGACACCAAGGCTCGCAGTGTCATGAG
CTATTGGACGGAGACTCATCAGCCGGGGCACAATTTTGCCGGGC
GCAGCCCGGGTGCCCCGATGATGGACGATATCGCCGCCGCCCAG
CGGCTCTACGGCGCCAACACCAARACCCGGAATACCGACACCAL
CTACGGCTTCAATTCCAATTCAGGCCGGGAGGCTTATAGCCTCA
AGCAGGGGAGCGACAAGCCGATCTTCACCGTCTGGGACGGTGGA
GGTAATGACACGCTCGACTTCTCCGGGTTCACCCAGAACCARAC
CATCAACCTCAAGGCTGAGTCATTCTCGGACGTGGGGGGCTTGC
GAGGAAATGTGTCGATTGCCAAGGGTGTGAGTGTGGAAAACGCC
ATTGGCGGTACAGGCAACGATACCTTGACGGGGAACGAGGGCAA
CAATCGGCTCACGGGCGGCAAGGGGGCCGATAAGCTGCACGGCG
GAGCTGGAGCAGACACGTITTGTTTACCGCCGCGCCAGCGATTCA
ACGCCGCAGGCACCGGACATCATCCAGGACTTCCAGAGCGGGAG
CGACAAGATCGACCTGACCGGTGTTGTTCAGGAGGCGGGGCTCA
AGTCGCTGAGCTTCGTCGAGARATTCAGCGGCAAGGCGGGCGAG
GCCGTGCTCGGCCAAGACGCGAAAACCGGCCGTTTCACGTTGGC
GGTGGACACAACGGGAAATGGTACGGCGGATCTACTGGTTGCCA
GCCAAAGCCAGATCAAACAGGCGGATGTGATCTGGAACGGTCAG
GCGCCGACAGTGACGCCAACGCCTGAACCCACTGTGGTGCCTGT
GTCAGATCCCGTGCCGACCCCTACTTCAGAGCCGACTGAACCTG
AACCCACGCCTGAGCCCGCCCCTTTGCCCGTCCCGACTCCACGG
CCTGGAGGAGGGTTTATCGGGAAAATTTTTTCATCATTCAAGGG
GTTCATAAARAAAGTGTGGTCGATATTCAGGTGA

11

Slmt secretion signal
amino acid

P. fluorescens

MRSRLENFLSCLLLSATAVQSAQA

12

Slmt example
nucleic acid
encoding SEQ 1D
NO: 11

ATGCGCAGTCGCCTTTTCAACTTTTTATCTTGTCTGCTTCTTTC
CGCCACTGCCGTTCAATCCGCCCAG
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13 Azu secretion signal | MFAKLVAVSLLTLASGQLLA
amino acid
P. fluorescens
14 Azu example nucleic | ATGTTTGCCAAACTCGTTGCTGTTTCCCTGCTGACTCTGGCGAG
acid encoding SEQ | CGGCCAGTTGCTT
IDNO: 13
15 DsbA secretion MRNLILSAALVTASLEGMTAQA
signal amino acid
P. fluorescens
16 DsbA example ATGCGTAATCTGATCCTCAGCGCCGCTCTCGTCACTGCCAGCCT
nucleic acid CTTCGGCATGACCGCACRA
encoding SEQ ID
NO: 15
17 AnsB secretion MKSALKNVIPGALALLLLFPVAAQA
signal amino acid
P. fluorescens
18 AnsB example ATGAAATCTGCATTGAAGAACGTTATTCCGGGCGCCCTGGCCCT
nucleic acid TCTGCTGCTATTCCCCGTCGCCGCCCAGGLCC
encoding SEQ ID
NO: 17
19 PorE secretion MKKSTLAVAVTLGAIAQQAGA
signal amino acid
P. fluorescens
20 PorE example ATGRAAGAAGTCCACCTTGGCTGTGGCTGTAACGTTGGGCGCAAT
nucleic acid CGCCCAGCAAGCAGGCGCC
encoding SEQ ID
NO: 19
21 Anti-TNF-alpha EVOQLVESGGGLVQPGGSLRLSCAASGYVETDYGMNWVRQAPGKG

Fab’ heavy chain
amino acid

(certolizumab)

LEWMGWINTYIGEPIYADSVKGREFTFSLDTSKSTAYLOMNSLRA
EDTAVYYCARGYRSYAMDYWGQGTLVTVSSASTKGPSVEFPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLO
SSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHTCAA
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22

Anti-TNF-alpha
Fab’ heavy chain
example nucleic acid
encoding SEQ ID
NO: 21

GAAGTGCAACTGGTGGAGAGCGGCGGTGGCTTGGTTCAGCCGGG
TGGCTCCCTGCGTCTGTCGTGTGCGGCCTCCGGGTACGTGTTCA
CCGACTACGGCATGAACTGGGTCCGCCAGGCCCCAGGGAAGGGT
CTGGAATGGATGGGCTGGATCAACACGTATATCGGCGAACCGAT
TTATGCGGACAGCGTAAAAGGGCGCTTCACCTITTAGCTTGGATA
CCTCCAAAAGTACGGCCTACCTGCAGATGAATTCCCTGCGGGCA
GAGGATACCGCGGTGTATTACTGCGCTCGCGGCTACCGCAGCTA
CGCGATGGACTACTGGGGCCAAGGCACCCTGGTGACGGTGAGTT
CGGCCAGCACCAAGGGCCCTAGCGTGTTCCCACTCGCCCCCAGC
AGCAAATCGACCTCGGGCGGTACGGCCGCACTCGGCTGCCTGGT
GAAGGACTATTTCCCGGAGCCGGTGACCGTCAGTTGGAACAGTG
GTGCCCTGACTAGCGGCGTGCACACCTTTCCCGCCGTTCTGCAG
AGCTCGGGCTTGTACTCCTTGTCGTCCGTCGTAACTGTGCCCAG
CAGCTCGCTCGGCACCCAGACCTACATCTGCAATGTCAACCACA
AGCCGAGCAACACCAAAGTGGATAAGAAGGTCGAACCGAAGTCC
TGCGACAAGACCCATACCTGTGCGGCC

23

Anti-TNF-alpha
Fab’ light chain
amino acid

(certolizumab)

DIOMTQSPSSLSASVGDRVTITCKASONVGTNVAWYQQKPGKAP
KALIYSASFLYSGVPYRFSGSGSGTDFTLTISSLOPEDFATYYC
QOYNIYPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

24

Anti-TNF-alpha
Fab’ light chain
example nucleic acid
encoding SEQ ID
NO: 23

GACATTCAGATGACCCAGAGCCCCAGCAGCCTGAGCGCCAGCGT
AGGGGACCGCGTGACCATCACCTGTAAAGCCAGTCAARAACGTCG
GTACCAACGTGGCATGGTATCAACAAAAACCGGGTAAAGCCCCC
ARAAGCGTTGATCTACTCCGCCAGTTTCCTGTATAGCGGCGTGCC
GTACCGCTTCAGCGGCTCCGGCAGCGGTACCGACTTTACCCTGA
CCATTTCCTCGCTGCAACCCGAGGACTTTGCGACCTACTATTGC
CAGCAGTATAACATCTACCCGCTGACGTTCGGGCAGGGCACGAA
GGTCGAAATCAAACGGACCGTAGCGGCACCGAGTGTGTTCATCT
TCCCTCCGAGCGACGAACAGTTGAAGTCCGGCACCGCCTCGGETC
GTGTGCCTGCTCAATAACTTCTACCCACGCGAGGCTAAGGTGCA
ATGGAAGGTGGACAACGCCCTGCAGTCGGGCAATAGTCAGGAAT
CGGTGACTGAACAGGATTCCAAGGATAGCACCTACTCGCTCAGC
AGCACGCTGACCTTGTCGAAGGCCGATTACGAGAAGCATAAGGT
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CTACGCGTGCGAAGTGACGCACCAGGGCCTGTCCTCGCCGGTTA
CTAAGAGCTTTAACCGTGGCGAGTGC

25 Simt leader MRSRLENFLSCLLLSATAVQSAQAEVQLVESGGGLVQOPGGSLRL
(underlined text) SCAASGYVFTDYGMNWVRQAPGKGLEWMGWINTYIGEPIYADSV
fused to anti-TNF- KGRETFSLDTSKSTAYLOMNSLRAEDTAVYYCARGYRSYAMDYW
alpha Fab’ heavy GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFEP
chain amino acid EPVTIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCAA

26 Azu leader MFAKLVAVSLLTLASGQLLADIOMTQSPSSLSASVGDRVTITCK
(underlined text) ASONVGTNVAWYQOKPGKAPKALIYSASFLYSGVPYRESGSGSG
fused to anti-TNF- TDFTLTISSLOQPEDFATYYCQQYNIYPLTFGQGTKVEIKRTVAA
alpha Fab’ light PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQS
chain amino acid GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQG

LSSPVTKSFNRGEC

27 PDIAG folding LYSSSDDVIELTPSNFNREVIQSDSLWLVEFYAPWCGHCQORLTP
modulator amino EWKKAATALKDVVKVGAVDADKHHSLGGQYGVQGFPTIKIFGSN
acid KNRPEDYQGGRTGEAIVDAALSALROQLVKDRLGGRSGGYSSGKO
(Q15084) GRSDSSSKKDVIELTDDSFDKNVLDSEDVWMVEFYAPWCGHCKN
human PDI isoform | LEPEWAAAASEVKEQTKGKVKLAAVDATVNQVLASRYGIRGEPT
6 IKIFQKGESPVDYDGGRTRSDIVSRALDLESDNAPPPELLEIIN

EDIAKRTCEEHQLCVVAVLPHILDTGAAGRNSYLEVLLKLADKY
KKKMWGWLWITEAGAQSELETALGIGGFGYPAMAATNARKMKFAL
LKGSFSEQGINEFLRELSFGRGSTAPVGGGAFPTIVEREPWDGR
DGELPVEDDIDLSDVELDDLGKDEL

28 PorE leader MKKSTLAVAVTLGAIAQQAGALYSSSDDVIELTPSNENREVIQS
(underlined text) DSLWLVEFYAPWCGHCQRLTPEWKKAATALKDVVKVGAVDADKH
fused to PDIA6 HSLGGQYGVQGFPTIKIFGSNKNRPEDYQGGRTGEAIVDAALSA

folding modulator

amino acid

LROLVKDRLGGRSGGYSSGKQGRSDSSSKKDVIELTDDSEFDKNV
LDSEDVWMVEFYAPWCGHCKNLEPEWAAAASEVKEQTKGKVKLA
AVDATVNQVLASRYGIRGFPTIKIFQKGESPVDYDGGRTRSDIV
SRALDLEFSDNAPPPELLEIINEDIAKRTCEEHQLCVVAVLPHIL
DTGAAGRNSYLEVLLKLADKYKKKMWNGWLWTEAGAQSELETALG
IGGFGYPAMAATNARKMKFALLKGSFSEQGINEFLRELSFGRGS
TAPVGGGAFPTIVEREPWDGRDGELPVEDDIDLSDVELDDLGKD
EL
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29 DegP2 (S219A) MSIPRLKSYLSIVATVLVLGQALPAQAVELPDFTQLVEQASPAV
amino acid VNISTTQKLPDRKVSNQOMPDLEGLPPMLREFFERGMPQPRSPR
P. fluorescens GGGGOREAQSLGSGFIISPDGYILTNNHVIADADE ILVRLADRS
(Do family serine ELKAKLIGTDPRSDVALLKIEGKDLPVLKLGKSQDLKAGQWVVA
endopeptidase; IGSPFGFDHTVTQGIVSAIGRSLPNENYVPFIQTDVPINPGNAG
NCBI Reference GPLEFNLAGEVVGINSQIYTRSGGFMGVSFAIPIDVAMDVSNQLK
Sequence SGGKVSRGWLGVVIQEVNKDLAESFGLDKPAGALVAQIQDNGPA
WP 1988333971 AKGGLKVGDVILSMNGQOPIIMSADLPHLVGALKAGGKAKLEVIR
with DGKRONVELTVGAIPEEGATLDALGNAKPGAERSSNRLGIAVVE
$219A included as | LTAEQKKTFDLQSGVVIKEVQDGPAALIGLOPGDVI THLNNQAT
indicated by bold DTTKEFADIAKALPKNRSVSMRVLRQGRASFITFKLAE
text)

30 DegP2 (SZ]9A) ATGTCGATACCACGTTTGAAGTCTTACTTATCCATAGTCGCCAC

example nucleic acid
encoding SEQ ID
NO: 29

AGTGCTGGTGCTGGGTCAGGCCTTACCTGCGCAAGCGGTCGAGT
TGCCTGACTTCACCCAACTGGTGGAGCAGGCCTCGCCTGCCGTG
GTGAACATCAGTACCACGCAGAAGCTGCCGGATCGCAAAGTCTC
GAACCAGCAGATGCCCGACCTGGAAGGCTTGCCGCCCATGCTGC
GCGAGTTCTTCGAACGAGGGATGCCGCAACCACGCTCCCCCCGT
GGCGGCGGTGGCCAGCGCGAAGCCCAATCCCTGGGCTCCGGCTT
CATCATTTCGCCTGACGGCTATATCCTCACCAACAACCACGTGA
TTGCCGATGCCGACGAGATTCTCGTGCGCCTGGCCGACCGCAGT
GAACTCAAGGCCAAGCTGATTGGCACCGATCCACGTTCCGACGT
GGCCTTGCTTAAAATCGAGGGCAAGGACTTGCCGGTGCTTAAGC
TGGGCAAGTCCCAGGACCTGAAGGCCGGTCAGTGGGTGGTCGCG
ATCGGTTCGCCGTTCGGCTTTGACCACACCGTTACCCAAGGCAT
CGTCAGCGCCATCGGTCGCAGCCTGCCGAACGAAAACTACGTAC
CGTTCATCCAGACCGACGTGCCGATCAACCCGGGTAACGCCGGT
GGCCCGCTGTTCAACCTGGCCGGCGAAGTGGTGGGGATCAACTC
GCAGATCTACACCCGCTCCGGCGGCTTCATGGGCGTGTCTTTCG
CGATCCCAATCGATGTGGCCATGGACGTCTCCAATCAGCTCAAA
AGCGGCGGCAAGGTCAGCCGCGGCTGGTTGGGCGTGGTAATCCA
GGAAGTGAACAAGGACCTGGCTGAGTCCTTCGGTCTCGACAAGC
CGGCCGGTGCCCTGGTTGCGCAGATTCAGGACAATGGCCCTGCG
GCCAAAGGCGGCCTGAAAGTCGGTGACGTCATCCTGAGCATGAA
CGGCCAGCCGATCATCATGTCGGCAGACTTGCCTCATTTGGTCG
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GCGCGCTCAAGGCCGGCGGCARAGCCAAGCTGGAAGTGATTCGT
GATGGCAAGCGCCAGAACGTCGAACTGACCGTAGGTGCCATCCC
GGAAGAAGGCGCGACCCTGGATGCCCTGGGCAACGCCAAGCCCG
GTGCCGAGCGCAGCAGTAACCGCCTGGGTATCGCCGTGGTTGAA
CTGACCGCCGAGCAGAAGARAACCTTCGACCTGCARAAGCGGTGT
GGTGATCAAGGAAGTTCAGGACGGCCCAGCCGCCTTGATCGGCC
TGCAACCGGGTGACGTGATCACTCACTTGAACAACCAGGCAATC
GATACCACCAAGGAATTCGCCGACATCGCCAAGGCGTTGCCGAA
GAATCGCTCGGTGTCGATGCGCGTCCTGCGTCAAGGCCGTGCCA
GCTTCATTACCTTCAAGCTGGCTGAG

31 DegPZanﬁnoadd MSTIPRLKSYLSIVATVLVLGQALPAQAVELPDFTQLVEQASPAV
(Pnﬁ&me VNISTTQKLPDRKVSNQOMPDLEGLPPMLREFFERGMPQPRSPR
RXF07210; GGGGOREAQSLGSGFIISPDGYILTNNHVIADADE ILVRLADRS
PROKKA 01390) ELKAKLIGTDPRSDVALLKIEGKDLPVLKLGKSQDLKAGOWVVA
P. fluorescens IGSPFGFDHTVTQGIVSAIGRSLPNENYVPFIQTDVPINPGNSG
(Dojhmﬂyseﬁne GPLFNLAGEVVGINSQIYTRSGGEFMGVSFAIPIDVAMDVSNQLK
endopeptidase: SGGKVSRGWLGVVIQEVNKDLAES FGLDKPAGALVAQI QDNGPA
NCBI Reference AKGGLKVGDVILSMNGQOPIIMSADLPHLVGALKAGGKAKLEVIR
Sequence DGKRONVELTVGATPEEGATLDALGNAKPGAERSSNRLGIAVVE
WP_198833397.1) LTAEQKKTFDLOSGVVIKEVQDGPAALIGLQPGDVITHLNNQAT
(leader underlined at DITKEFADIAKALPKNRSVSMRVLROGRASFITFKLAE
1-27; DegP2 protein
28-478; catalytic
triad amino acids
with/without leader
at H116/89,

D120/93, S219/192,
in bold)

32 MepS (Spr) amino MVKSQPILRYILRGIPATAVAVLLSACSANNTAKNMHPETRAVG
acid SETSSLOASQDEFENLVRNVDVKSRIMDQYADWKGVRYRLGGST
E. coli KKGIDCSGFVQRTFREQFGLELPRSTYEQQEMGKSVSRSNLRTG
(UniProtKB - DLVLFRAGSTGRHVGIYIGNNQFVHASTSSGVIISSMNEPYWKK
POAFV4; EC RYNEARRVLSRS

3.4.17.13; U.S. Pat.
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No. 9,493 559,
incorporated herein

by reference)

33

Prcl amino acid

P. fluorescens

MKHLFPSTALAFFIGLGFASMSTNTFAANSWDNLOPDRDEVIAS
LNVVELLKRHHYSKPPLDDARSVIIYDSYLKLLDPSRSYFLASD
IAEFDKWKTQFDDFLKSGDLOQPGEFTIYKRYLDRVKARLDFALGE
LNKGVDKLDFTQKETLLVDRKDAPWLTSTAALDDLWRKRVKDEV
LRLKIAGKEPKAIQELLTKRYKNQLARLDQTRAEDIFQAYINTEFE
AMSYDPHTNYLSPDNAENFDINMSLSLEGIGAVLQSDNDQVKIV
RLVPAGPADKTKQVAPADKIIGVAQADKEMVDVVGWRLDEVVKL
IRGPKGSVVRLEVIPHTNAPNDQTSKIVSITREAVKLEDOAVQOK
KVLNLKOQDGKDYKLGVIEIPAFYLDFKAFRAGDPDYKSTTRDVK
KILTELOQKEKVDGVVIDLRNNGGGSLQEATELTSLEFIDKGPTVL
VRNADGRVDVLEDENPGAFYKGPMALLVNRLSASASEIFAGAMQ
DYHRALIIGGQTFGKGTVQTIQPLNHGELKLTLAKEFYRVSGQST
QHQGVLPDIDFPSIIDTKEIGESALPEAMPWDT IRPAIKPASDP
FKPFLAQLKADHDTRSAKDAEFVFIRDKLALAKKIMEEKTVSLN
EADRRAQHSSTIENQQLVLENTRRKAKGEDPLKELKKEDEDALPT
EADKTKPEDDAYLAETGRILLDYLKITKQVAKQ

34

Prcl example
nucleic acid
encoding SEQ ID
NO: 33

ATGAAGCATCTGTTCCCCAGCACCGCCCTCGCTTTTTTCATTGG
TCTCGGCTTCGCGTCGATGTCGACCAATACGTTCGCAGCCAATA
GCTGGGACAACCTTCAGCCTGATCGCGATGAGGTGATTGCCAGC
CTTAACGTCGTCGAGTTGCTTAAGCGCCATCACTACAGCAAGCC
GCCGCTGGACGACGCTCGCTCAGTGATCATCTACGACAGCTACC
TCAAGCTGCTGGACCCGTCGCGCAGCTACTTCCTGGCCAGCGAT
ATCGCTGAGTTCGACAAGTGGAAGACGCAATTCGACGACTTCCT
CAAGAGCGGCGACCTGCAGCCTGGCTTCACCATCTACAAGCGCT
ACCTAGACCGCGTCAAAGCGCGTCTGGACTTCGCCCTGGGTGAG
CTGAACARAAGGCGTCGACAAGCTCGATTTCACCCAGARAAGAAAC
CCTTICTGGTGGACCGCAAGGACGCCCCTTGGCTGACCAGCACCG
CAGCCCTAGACGACCTGTGGCGCAAACGCGTCAAGGACGAAGTG
CTGCGCTTGAAGATCGCCGGCAAAGAGCCCAAGGCCATTCAAGA
GCTGTTGACCAAGCGCTACAAAAACCAGCTGGCGCGCCTGGACC
AGACCCGTGCCGAGGATATCTTCCAGGCCTACATCAACACCTTT
GCGATGTCCTACGACCCGCACACCAATTATCTGTCGCCAGATAA
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CGCGGAAAATTTCGATATCAATATGAGTCTGTCCCTGGAAGGCA
TCGGTGCCGTCCTGCAAAGCGACAATGACCAGGTGAAGATTGTA
CGTCTGGTGCCGGCAGGCCCGGCTGACAAAACCAAGCAAGTGGC
ACCGGCCGACAAGATCATCGGCGTGGCCCAGGCCGACAAAGAGA
TGGTCGATGTGGTCGGCTGGCGCCTGGACGAAGTGGTCAAGCTG
ATCCGTGGGCCTAAAGGCAGCGTGGTGCGCCTGGAAGTGATTCC
GCACACCAATGCACCGAACGACCAGACCAGCAAGATCGTGTCCA
TCACCCGTGAAGCGGTGAAGCTCGAAGACCAGGCCGTGCAGAAG
AAAGTCCTCAACCTCAAGCAGGATGGCAAGGACTACAAGCTGGG
GGTGATTGAAATCCCGGCCTTCTACCTGGACTTCAAGGCGTTCC
GTGCCGGTGATCCGGACTACAAGTCCACCACCCGCGACGTGAAG
AAAATCCTCACAGAACTGCAGAAAGAGAAAGTCGACGGCGTGGT
CATCGACCTGCGCAACAACGGCGGCGGCTCCCTGCAGGAAGCCA
CCGAGCTGACCAGCCTIGTTTATCGACAAGGGCCCGACCGTGTTG
GTACGCAACGCTGACGGCCGTGTCGACGTGCTCGAAGACGAGAA
CCCGGGGGCCTTCTACAAAGGGCCGATGGCGCTGCTGGTCAACC
GCCICTCGGCCTCGGCCTCGGAGATTTTCGCCGGTGCCATGCAG
GACTACCACCGTGCACTGATCATCGGCGGCCAGACCTTCGGCAA
AGGCACCGTGCAGACCATCCAGCCGCTGAACCATGGCGAGCTTA
AGCTGACACTGGCCAAGTTCTACCGGGTCTCCGGGCAGAGCACC
CAGCATCAGGGCGTACTGCCGGATATCGATTTCCCGTCGATCAT
CGACACCAAGGAAATTGGCGAAAGCGCCCTGCCTGAAGCCATGC
CGTGGGACACCATCCGCCCTGCGATCAAGCCGGCGTCGGATCCG
TTCAAGCCGTTCCTGGCACAGCTGAAGGCTGACCACGACACCCG
CTCTGCCAAGGATGCCGAGTTCGTGTTTATCCGCGACAAGCTGG
CCCTGGCCAAGAAGCTGATGGAAGAGAAGACCGTCAGCCTCAAL
GAAGCGGATCGCCGTGCACAGCACTCCAGCATCGAGAATCAGCA
ACTGGTGCTGGAARACACCCGCCGCAAGGCCAAAGGTGAAGACC
CGCTCAAAGAGCTGAAGAAAGAAGATGAAGACGCGCTGCCGACC
GAGGCGGATAAAACCAAGCCGGAAGACGACGCCTACTTGGCCGA
GACTGGCCGGATCCTGCTGGATTACCTGARGATCACCAAGCAGG
TGGCCAAGCAGTAA

35

Prc2 amino acid

P. fluorescens

MLHLSRLTSLALTIALVIGAPLAFADQAAPAAPATAATTKAPLP
LDELRTFAEVMDRIKAAYVEPVDDKALLENATIKGMLSNLDPHSA
YLGPEDFAELQESTSGEFGGLGIEVGSEDGQIKVVSPIDDTPAS
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KAGIQAGDLIVKINGQPTRGOTMTEAVDKMRGKLGOKITLTLVR
DGGNPFDVTLARATITVKSVKSQLLESGYGYIRITQFQVKTGDE
VAKALAKLRKDNGKKLNGIVLDLRNNPGGVLOSAVEVVDHEVTK
GLIVYTKGRIANSELRFSATGNDLSENVPLAVLINGGSASASET
VAGALODLKRGVLMGTTSFGKGSVQTVLPLNNERALKITTALYY
TPNGRSIQAQGIVPDIEVRRAKITNEIDGEYYKEADLQGHLGNG
NGGADQPTGSRAKAKPMPODDDYQLAQALSLLKGLSITRSR

36

Prc2 example
nucleic acid
encoding SEQ ID
NO: 35

ATGCTGCATTTGTCCCGCCTICACTTCGCTGGCCCTGACGATCGC
CCTGGTGATCGGCGCGCCTCTGGCTTTTGCCGACCAGGCCGCAL
CGGCTGCACCCGCCACGGCTGCGACGACCAAGGCGCCATTGCCG
CTGGACGAGCTGCGTACCTTTGCCGAGGTCATGGACCGGATCAA
GGCAGCGTATGTCGAACCCGTAGACGACAAGGCCCTGCTGGAAA
ATGCCATCAAGGGCATGCTCAGCAACCTCGACCCGCACTCCGCC
TACCTGGGCCCGGAAGATTTCGCCGAGCTGCAGGAAAGCACCAG
CGGTGAGTTCGGCGGCCTGGGCATCGAAGTGGGCTCCGAAGACG
GCCAGATCAAAGTGGTCTCGCCTATCGACGACACCCCGGCGTICC
AAGGCCGGTATCCAGGCCGGCGACCTGATCGTGAAGATCAACGG
CCAGCCAACCCGCGGCCAGACCATGACCGAAGCCGTCGACAAGA
TGCGCGGCAAGCTCGGCCAGAARGATCACCCTGACCCTGGTACGC
GACGGCGGCAACCCGTTTGACGTGACCCTGGCCCGCGCGACCAT
CACGGTCAAGAGCGTGAAAAGCCAGCTGCTGGAGTCGGGCTACG
GTTATATCCGTATCACCCAGTTCCAGGTCAAGACCGGCGACGAA
GTGGCCAAGGCCCTGGCCAAGCTGCGCAAAGACAACGGCAAGAA
GCTCAACGGCATCGTGCTTGACCTGCGCAACAACCCAGGCGGCG
TGTTGCAGTCGGCGGTCGAGGTGGTCGACCACTTCGTCACCAAG
GGCCTGATCGTCTACACCAAGGGCCGTATCGCCAACTCAGAGTT
GCGCTTCTCGGCCACCGGCAACGACCTCAGCGAGAACGTGCCAC
TGGCGGTATTGATCAACGGTGGCAGCGCCTCGGCTTCGGAAATC
GTCGCCGGTGCCCTGCAAGACCTCAAGCGCGGCGTGCTGATGGG
CACCACCAGCTTCGGCAAAGGCTCGGTGCAGACCGTATTGCCGC
TGAACAACGAGCGTGCGCTGAAGATCACCACGGCGCTGTACTAC
ACGCCCAACGGCCGCTCGATCCAGGCCCAGGGCATCGTGCCGGA
CATCGAAGTACGCCGCGCCAAGATCACCAACGAGATCGACGGCG
AATACTACARAGAGGCCGACCTGCAAGGTCACCTGGGCAATGGC
ARCGGCGGTGCCGACCAGCCAACCGGCAGCCGCGCCAAGGCCAR
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GCCGATGCCGCAGGACGATGACTACCAACTGGCCCAGGCACTCA
GCCTGCTCAAGGGCTTGAGCATCACCCGCAGCCGTTGA

37 HslU amino acid MSMTPREIVHELNRHIIGODDAKRAVATIALRNRWRRMOQLPEELR
(RXF01957, VEVIPKNILMIGPTGVGKTEIARRLAKLANAPFIKVEATKFTEV
PROKKA 01919) GYVGRDVESIIRDLADAALKMLREQEVTKVSHRAEDAAFEERILD
P. fluorescens ALLPPARMGFNEDAAPATDSNTROLFRKRLREGOQLDDKEIEIEV

AEVSGVDISAPPGMEEMTSQLONLEFANMGKGKKKSRKLKVKEAL
KLVRDEEAGRLVNEEELKAKALEAVEQHGIVEFIDEIDKVAKRGN
SGGVDVSREGVORDLLPLIEGCTVNTKLGMVKTDHILEFIASGAF
HLSKPSDLVPELQGRLPIRVELKALTPGDFERILSEPHASLTEQ
YRELLKTEGLGIEFQADGIKRLAEIAWQVNEKTENIGARRLHTL
LERLLEEVSFSAGDMAGAQONGEAIKIDADYVNSHLGELAQNEDL
SRYIL

38 HslV amino acid MTTIV3SVRRHGKVVMGGDGQVSLGNTVMKGNAKKVRRLYHGQOVL
(RXF01961, AGFAGATADAFTLFERFEGQLEKHQGHLVRAAVELAKEWRTDRS
PROKKA 01920) LSRLEAMLAVANKDASLIITGNGDVVEPEHGLIAMGSGGGYAQA
P. fluorescens AASALLKKTDLSAREIVETALGIAGDICVETNHNQTIEEQDLAE

39 Protease HtpX MMRILLFLATNLAVVLIASVTLSLFGEFNGFMAANGVDLNLNQLL
amino acid IFCAVEFGFAGSLFSLEISKWMAKMSTSTQIITOQPRTRHEQWLMQ
(RXF05137, TVEQLSQEAGIKMPEVGIFPAYEANAFATGWNKNDALVAVSOGL
PROKKA 01141) LERFSPDEVKAVLAHE IGHVANGDMVTLALVQGVVNTEVMEFAR
P. fluorescens IIGNFVDKVIFKNEEGRGIAYFVATIFAELVLGFLASATVMWNES

RKREFRADEAGARLAGTSAMIGALOQRLRSEQGLPYVHMPDSLTAF
GINGGIKQGLARLFMSHPPLEERIDALRRRG
40 Protease HtpX ATGATGCGCATCCTGCTGTICTTGGCCACTAACCTGGCGGTCGT

example nucleic acid
encoding SEQ ID
NO: 39

ACTGATTGCCAGCGTCACCCTGAGCCTTTTTGGCTTCAACGGGT
TCATGGCGGCCAATGGGGTTGATCTGAACCTCAATCAGCTGCTG
ATTTTCTGTGCGGTCTTTIGGTTTTGCCGGCTCGCTGTTCTCGCT
GTTCATCTCCAAGTGGATGGCGAAGATGAGCACCAGCACCCAGA
TCATCACTCAACCCCGCACTCGCCATGAACAATGGCTGATGCAA
ACCGTGGAGCAGTTGTCTCAAGAAGCAGGCATCAAAATGCCCGA
AGTGGGGATTTTTCCTGCTTATGAGGCCAACGCCTTTGCCACCG
GCTGGAACAAGAACGACGCACTGGTGGCTGTGAGCCAGGGCCTG
CTGGAGCGGTTTTCGCCCGATGAAGTCAAGGCGGTGCTGGCCCA
CGAGATCGGCCACGTAGCCAACGGCGACATGGTCACCCTGGCAC
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TGGTACAGGGCGTGGTGAACACCTTCGTGATGTTCTTTGCGCGG
ATCATCGGCAACTTTGTCGACAAGGTCATCTTCAAGAACGAAGA
AGGCCGTGGCATTGCCTACTTCGTGGCGACCATTTTCGCCGAGT
TGGTCCTGGGCTTCCTGGCCAGCGCCATCGTGATGTGGTTCTCG
CGCAAACGCGAGTTCCGCGCAGATGAAGCCGGCGCACGCCTGGL
GGGCACCAGCGCAATGATCGGCGCGCTGCAACGCCTGCGCTCCG
AACAGGGCCTGCCGGTGCATATGCCGGACAGCCTGACCGCCTTC
GGCATCAACGGCGGCATCAAGCAGGGCCTGGCTCGCTTGTTCAT
GAGCCACCCGCCGCTGGAAGAGCGGATTGACGCACTGCGTCGCC
GGGGCTGA

41

Protease Murein LD
transpeptidase amino
acid (RXF01911;
PROKKA 02909)

P. fluorescens

MFKKHACYLSICLLVAPLVATAETLPLEPLPVTTPAPVALAPLQ
QATAQLTSVCPHLAPRIDAAALARLOTFYQQOGDAPLWARADERR
QALHAQLLMLADDGLDPTHYSLPAVDATANVLCSDIANSQQYLQ
ALODLHYGRLOQOSRFEPLWHSQPPSGDPNTEVLAFAATGLHDMA
OAFDOQARPSADLYRSLRNAYAGVRQQPLPHWDPVAEGTLLRPGM
NDPRVPELARRLHSGGYLAQLPSGNGKQYQOGELVKAVKAFQLSH
SLOADGVIGAGTVAELNISPAMRREQLRINLERFRWLAQDLEPE
GVVVNVAAAQLSVYQSGIPVWQTRLOVGRAERQTPLLKSRITRL
TLNPTWTIPPTIMREDKLPATIRLNPEYLROQONLQVLDAEGHPLT
PDOVDWARPGNILLROOAGPRNPLGKIVMREFPNPYSVYLHDTPS
QPLEFTKGPRAFSSGCVRVEQPLLLRDLLVTPAERTRTDELLATG
ETHEFRLATPVPVLLGYWTVEVDRQGELVYAPDIYARDPALIKA
MGSVL

42

Protease Murein L,D
transpeptidase
example nucleic acid
encoding SEQ ID
NO: 41

ATGTTCAAAAAACACGCATGTTACTTGAGCATTTGCCTGCTCGT
TGCACCATTGGTCGCTACAGCCGAAACGCTGCCGTTAGAACCAC
TGCCCGTCACCACCCCTGCACCGGTCGCGCTCGCGCCGCTGCAA
CAGGCCTTGGCGCAGTTGACCAGTGTCTGCCCGCACCTTGCGCC
GCGTATCGATGCCGCCGCGTTGGCGCGCCTGCAAACCTTTTACC
AGCAGCAGGGCGATGCCCCGCTATGGGCGGCTGACGAACGCCGG
CAAGCCTTGCATGCCCAGTTGCTGATGCTTGCCGACGATGGCCT
GGACCCCACCCACTATAGCTTGCCTGCGGTGGATGCCACGGCCA
ACGTGCTGTGCAGCGATATCGCCAACAGCCAGCAGTACCTGCAA
GCTCTGCAGGATTTGCACTACGGGCGCCTGCAGCAATCGCGCTT
TGAGCCCCTCTGGCATTCCCAGCCACCCAGTGGCGATCCGAATA
CCGAGGTGCTGGCGTTCGCCGCCACCGGCCTGCACGACATGGCC
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CAAGCCTTCGATCAGGCCCGGCCCAGCGCCGATTTGTACCGCAG
CCTGCGCAATGCCTATGCCGGCGTGCGCCAGCAACCGCTGLCCCC
ATTGGGACCCGGTCGCCGAGGGCACGTTGTTGCGTCCTGGGATG
AATGACCCTCGCGTGCCGGAACTGGCGCGGCGCCTGCACAGCGG
CGGCTACCTGGCCCAGTTACCCAGCGGCAACGGCAAGCAGTACC
AGGGCGAACTGGTCAAGGCGGTGAAAGCCTTCCAGCTCAGCCAC
TCGTTGCAGGCCGACGGCGTGATCGGCGCCGGCACCGTGGCCGA
ACTCAATATCAGCCCGGCGATGCGTCGTGAACAACTGCGCATCA
ACCTCGAGCGTTTCCGCTGGCTGGCCCAGGACCTGGAGCCTGARA
GGCGTCGTGGTCAATGTGGCCGCCGCGCAACTGAGCGTGTACCA
GAGCGGCATCCCAGTGTGGCARACCCGCCTGCAAGTGGGCCGGG
CCGAACGCCAGACGCCGTTGCTCAAGTCGCGCATCACCCGGLTG
ACCCTCAACCCCACCTGGACCATCCCGCCGACCATCATGCGCGA
GGACAAACTGCCGGCCATCCGCCTCAACCCTGAATACCTGCGCC
AGCAARACCTGCAAGTGCTCGACGCCGAAGGTCACCCGTTGACC
CCCGACCAGGTCGACTGGGCGCGCCCCGGCAATATCCTGCTGCG
CCAGCAGGCCGGCCCGCGTAACCCGCTGGGCAAGATTGTGATGC
GTTTCCCCAATCCGTATTCCGTATATCTGCACGACACCCCCAGC
CAACCCTTGTTCACCAAGGGGCCGCGGGCGTTCAGTTCGGGATG
CGTGCGGGTCGAGCAACCGTTGTTATTGCGCGACCTGCTGGTAA
CGCCGGCCGAACGCACTCGCACCGATGAGCTGCTGGCGACCGGL
GAAACCCATGAATTCAGGTTGGCCACGCCGGTACCGGTGCTGTT
GGGGTATTGGACCGTGGAAGTGGATCGCCAGGGCGAGCTGGTGT
ACGCGCCGGATATTTATGCGCGTGACCCGGCGTTGATCAAGGCC
ATGGGTAGCGTGTTATAG

43

Protease/Autolytic
Factor Hemolysin
precursor amino acid
(RXF09262,
PROKKA_04435)

P. fluorescens

MDVRQFAFLARQPSAATKRRDAFFGLPKRGLALILANALEWQPL
LAQAEGIVVSAPGTTVGAAGNGVPVVNIATPNGAGLSHNQFKDY
NVGPNGVILNNGNGAMVNTQLGGI IVGNPNLKGGAANVILNEVN
GGSPSQLRGYTEVAGOSAKVIVANPYGVTCSGCGEFINTPNVTLT
TGKPVLDASGQLORYEVDGGAVTIDGOGLNASNVERFDIITRSA
KINAQINARELNVIAGRNDVDAQSLKTTARADDGSAKPELAIDS
SALGGMYAGAIKLVGTEAGVGVKLDGTLAASGGDIQLDANGRLS
MAQAAATGNVKVTAQNVDLTDKVYANGNVQVTSAQALVNRKSIA
AGQRIEINAASVNNPGIIEAGVAADNSRNTTGDLVVNAQTVTTS
GNLLASRALAITAAQALTNQGAITIQAKTVEVSSAKLTNQGASAR
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LEFGEQSLAINSPAIVNLGGLIRFGEGQAATLNSASLDNRQOGRIE
MAGGSLVLTSADLNNSGGQVIANDLTVNAGNLNNONGVLVAKTA
TVTASNLDNSLKGLIQADGGALNLAVSNTENNNQGFAQASTDLN
VTAGTLSSNAGGVLSADTGKLTLTAAQQLNNAQGRLOAGQGDIE
LHAANLDNQSGTIVGKQLLLDVAGGDIDNRAGRVLGDHLDVRAS
GLDNRNAGLLAGGAQGVSLLLKGPGQLLNAQGRIQSEGLLOLQG
ERFDNSAGILLGQTVDVTAQTEFNNSNKGALVSDGGDVVEKVSDL
LTNVGGQIDAGERSVLVKQLTTLNNDGGTLRGKRLDIAAQHLNN
DNGOQLLAGAEGLSYSGQODVSNRKGLILSGGALTELNTTRLDNQG
GTVQGDSLTVTANNVDNGSGGLMASLVGNLQLTVEALANRGGKL
FGKEQVTVSGASLDNSAGQISGNQINLTSRDTLTNQGGLVEANQ
GLTLTGGNLDNSANGQLRALGGASSRVNLSGALNNONGTLEFGS
QAFSLDAASLNNONGMLOHAGTGLFHLNIASLEGSQGNIQGMGS
ADWAFGKVDGLGRVQLNDVLTYKSDQGLALQAGDRMASAKGLIL
NVASLDNGGELLSDGDISITTGDITNSGRVSALQTLTVAANNLS
ONGGRLAATNARLTLGGTLDNLGFLTARQQLDIAAAQINNRGTL
GAQGAVNLTAVNGITNAADTLLFSGGDMTLRSNGFSNSYGDVYS
KGNLSFAARDGGRAVLEFSNRSGTVESEGSIGINAGFIENAKDEFE
ELGOTLTTGSLSWICGQHCGESDNWERGEITIYETYLEAATKDS
VAARLVAGKNMLLOGDTVONRYSLMAANGDLS ITAGDLLNQGAA
TRTGOQRKLVIGTPGHVSDDLFERMQYVDVPAFNAATAAGNEDKA
REEELKSRSPNSLPFAYASDVTTWTNNSGPGYDATLOAGGTVNL
NVARTLONGTLHNNTLAQLTGTLGDDQTGIPVGGININLSKHAN
DPSAQAPGSVLPVVGVAPGGGFVPVDYTGTAFAPVDPTTSPTFQ
LPKGEYGLFVKNADPTSHYLIETNPEFTSVSGFEFSSDYMLGKLG
FTADNAWRRLGDGQYETRLIRDAVLAQTGOREFLAGGLYSDADQFE
RYLMDNGLASKDALRLSLGVALTDQQVGALTHDIVWMENRVIEG
QTVLVPVLYLAQADSRNVRGNSLIQGRDLNLVTGGDLINVGTLR
ASNNLSATSSGSIYTGGLVEAGNNLSLLAQDS IRNAMAGEIRGK
QVSLTALKGDITNETTATIQVRDGAGMRTLTDTSAGT IVARENLA
IDAGRDLTNRGALVAGNDANLTAGRDLNLIAASDTRVKHETRDG
GEKSSITTDVKNLAASVTAGGNLNMOAGODVNIIGSNATAGKDL
NIAAGRDLNVASVSDMHNVEGKEKDGKKRIRTSDDQTTQVASVL
TAGGDEVSQAGRDTTIVASMISAGNEAYLYSGDKLSLLAAENST
HTLYDMKEKGSWGAKKAQMDEVTRTTQVGTEIKTGGNLVLKSDG
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DOLYQVAKLNSGKDITILDSGGAIVFEGVKDLHDESHTKSKSDLS
WESAKGKGNTDETLROSELVAQGOLVIKAAEGIRIDVKQVDOQT
VSQTVDAMVKADPNLAWLKQAEARGDIDWROVKEIHESFKYDNS
GLGAGAKIAIAIMMAAIMGPVGFGLQGATLAVSTSLSTTAVTST
INNKGNLGAALKETVSANSLKSAAVAGFTAGALEYADTNWEFAGA
DGAGAGAGTSTSTVQGVIPSTGSTLAVINSSKDIFTWTSAGDIA
LRTGGRAVISSGISTAIQGGSEFGDNFNAALLGEAGNVAMATGEN
WVGDYVTEPNGSPOKITIAHAIMGGLLAEATGSDFKTGAAAAGLN
EALINQLVWAAQGNDDITLMLSQLTGLLAAARAVDGDLEKGSQIA
QKATTFNYLYHEEVEEMLREVDSKTTEQEKREVRORYAELDQOR
NDELDALCARDPQRCRGIATSLANDDQKLVDLVGRLRSQGQGGA
ASAVGEVIGNNLDASSQIAADISSAGGGPLVKLGAEAIKAGVGI
TLPSRSSSGKGKGSQVGAGSLEEAAGPKATGEVVPPAPIVTSGA
TRTGVVRTNAADWRALRNNWDDLGYGQILSTENRAATIAKGRTPK
VDDAWVKVEFPEDAGLKGERIPMHHVQGSPLTVPLPDTRHLDAHM
PGGFRYNPGGPGSALPAYPPKKGAE

44

Protease/Autolytic
Factor Hemolysin
precursor example
nucleic acid
encoding SEQ ID
NO: 43

ATGGATGTTCGCCAATTCGCCTTCCTGGCCCGCCAACCTTCTGC
CGCCCTGAAGCGCCGGGACGCGTTCTTCGGCCTGCCCAAGCGCG
GGCTGGCCTTGATCCTTGCCAACGCACTGTTCTGGCAGCCGCTG
CTGGCCCAGGCCGAGGGCATTGTGGTCAGTGCGCCGGGCACCAL
CGTGGGCGCGGCAGGCAATGGCGTGCCGGTGGTAAACATTGCCA
CCCCCAATGGCGCGGGCTTGTCCCATAACCAGTTCAAGGACTAC
AACGTCGGCCCCAACGGCGTGATTCTCAACAATGGCAACGGCGC
CATGGTCAACACCCAGCTGGGCGGGATCATCGTCGGCAACCCCA
ACCTCAAGGGCGGCGCGGCGAACGTCATCCTCAACGAAGTCAAC
GGCGGCAGCCCCAGCCAGTTGCGCGGCTATACCGAAGTGGCGGG
GCAGTCGGCCAAGGTCATCGTGGCCAACCCGTACGGCGTGACGT
GCAGCGGTTGCGGCTTTATCAACACCCCCAACGTCACCCTCACC
ACCGGCAAACCGGTGCTCGACGCCAGCGGTCAATTGCAGCGCTA
TGAAGTGGATGGCGGCGCGGTGACCATCGACGGCCAAGGCTTGA
ACGCCAGCAACGTCGAACGCTTCGACATCATCACCCGCTCGGCC
AAGATCAACGCACAAATCAACGCCCGCGAACTCAACGTGATCGC
CGGGCGCAACGACGTCGATGCGCAAAGCCTGAARACCACCGLCCC
GCGCCGATGACGGCAGCGCCAAGCCCGAGCTGGCGATCGACTCG
TCGGCCCTGGGCGGCATGTATGCCGGCGCGATCAARCTGGTGGG
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CACCGAGGCCGGTGTGGGCGTGAAGCTCGACGGCACCCTGGCCG
CCAGTGGCGGCGATATTCAGCTCGACGCCAACGGGCGCCTGAGC
ATGGCGCAGGCGGCGGCCACCGGTAACGTCAAGGTCACCGCGCA
ARAACGTCGACCTCACCGACAAGGTCTACGCCAACGGCAACGTGC
AGGTCACCAGCGCCCAGGCTTTGGTCAACCGCAAGAGCATCGCC
GCCGGCCAGCGCATCGAGATCAACGCGGCCAGCGTGAACAALCCC
CGGCATCATCGAAGCCGGCGTCGCCGCCGATAACAGCCGCAACA
CCACGGGCGACCTGGTGGTGAACGCGCAAACCGTCACCACCAGC
GGCAACCTGTTGGCCAGCCGCGCCCTGGCGATCACTGCCGCGCA
AGCGCTGACCAACCAGGGCGCGATCATCCAGGCCAAGACCGTCG
AGGTCAGCAGCGCCAAACTCACCAACCAGGGCGCCAGCGCTCGC
CTGTTTGGCGAGCAGAGCCTGGCGATCAACTCGCCGGCCATCGT
CAACCTCGGCGGCTTGATCCGCTTCGGCGAAGGCCAGGCCGCCA
CGCTCAACAGCGCCTCCCTGGACAACCGCCAAGGCCGTATCGAA
ATGGCCGGTGGCAGCCTGGTGCTCACCAGTGCCGACCTGAACAA
CAGCGGCGGGCAAGTCATCGCCAACGACCTGACCGTCAACGCCG
GCAACCTGAACAACCAGAACGGCGTGCTGGTGGCCAAGACCGCG
ACCGTCACTGCCAGCAACCTTGACAACAGCCTCAAGGGTTTGAT
CCAGGCTGACGGTGGCGCGCTCAACCTCGCCGTTTCCAACACCT
TCAACAACAACCAGGGTTITCGCCCAGGCCAGCACCGATCTGAAC
GTTACGGCCGGCACCCTCAGCAGCAACGCAGGCGGCGTACTGAG
CGCCGACACCGGCAAGCTCACCCTCACCGCCGCACAACAACTCA
ACAACGCCCAGGGCCGCTITGCAGGCCGGGCAGGGCGATATCGAA
CTGCACGCCGCGAACCTGGATAACCAGAGCGGCACGATCGTCGG
CAAGCAACTGCTGCTCGACGTGGCCGGCGGCGACATCGACAACC
GTGCCGGGCGCGTGTTGGGTGACCACCTCGACGTGCGCGCCTCG
GGCCTGGACAACCGCAACGCCGGCCTGCTGGCCGGTGGTGCCCA
GGGCGTAAGCCTGCTGCTCAAAGGCCCGGGCCAGTTGCTCAACG
CCCAGGGCCGCATCCAGAGCGAGGGCCTGCTGCAACTGCAAGGC
GAGCGCTTCGACAACAGCGCCGGCATCCTGCTGGGCCAGACCGT
CGACGTGACCGCGCAGACCTTCAACAACAGCAACARAGGCGCGC
TGGTCAGCGATGGCGGTGATGTGGTGTTCAAGGTCAGCGACCTG
CTCACCAACGTCGGTGGCCAGATCGACGCGGGCGAACGCAGCGT
GTTGGTCAAGCAGCTCACCACCCTCAACAACGACGGCGGCACCC
TGCGCGGCAAGCGCCTGGACATCGCCGCCCAGCACCTGAACAAC
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GACAACGGCCAACTGCTGGCCGGCGCCGAAGGCCTGAGCTACAG
CGGCCAGGATGTGAGCAACCGCAAGGGCCTGATCCTCAGCGGCG
GCGCCCTCACCGAACTGAACACCACCCGCCTGGATAATCAGGGC
GGCACTGTGCAGGGCGACAGCCTGACCGTCACCGCCAACAACGT
CGACAACGGCAGCGGCGGCCTGATGGCAAGCCTGGTCGGCAACC
TGCAGCTCACTGTCGAAGCCCTGGCCAACCGTGGCGGCAAGCTG
TTCGGCAAAGAACAAGTGACCGTCAGCGGCGCCAGCCTCGACAA
CAGCGCGGGCCAGATCAGCGGCAATCAGATCAACCTGACCTCAC
GCGACACGCTCACCAACCAGGGCGGTTTGGTTGAAGCCAACCAG
GGCCTGACCCTCACTGGTGGCAACCTCGATAACAGCGCCAACGG
CCAACTGCGTGCCCTGGGCGGCGCCAGCAGCCGCGTCAACCTCA
GCGGTGCGTTGAACAACCAGAACGGCACCCTCGAATTCGGTAGC
CAGGCCTTCAGCCTTGACGCGGCCAGCCTCAACAACCAGAACGG
GATGCTGCAACACGCCGGCACCGGCCTGTTCCACCTCAACATCG
CCAGCCTCGAAGGCAGCCAGGGCAATATCCAGGGCATGGGCAGC
GCCGACTGGGCATTCGGCAAGGTCGACGGCCTGGGCCGCGTGCA
ACTCAACGATGTGCTCACCTACAAGAGCGACCAAGGGCTGGCCC
TCCAGGCCGGCGACCGCATGGCCAGCGCCAAGGGCTTGATCCTC
AACGTGGCCAGCCTGGACAACGGCGGCGAACTGCTCAGCGACGG
TGACATCAGCATCACCACCGGCGATATCACCAACAGCGGCCGCG
TCTCGGCCCTGCARACACTCACCGTCGCCGCCAACAACCTCAGC
CAGAACGGCGGCCGCCTGGCCGCAACCAATGCCCGCCTGACCCT
GGGCGGCACCCTGGACAACCTCGGTTTCCTCACCGCCCGCCAGC
ARCTGGACATCGCCGCCGCGCAAATCAACAACCGTGGCACCCTC
GGTGCCCAGGGCGCAGTGAACCTCACGGCGGTCAACGGCATCACL
CAACGCCGCCGACACGCTGCTGTTCAGCGGCGGCGACATGALCCC
TGCGCAGCAATGGCTTCAGCAACAGCTATGGCGATGTCTACAGC
ARAGGCAACCTGAGTTTCGCCGCCCGCGATGGCGGACGTGCCGT
GCTGTTCAGCAACCGCTCCGGCACCGTGGAAAGCGAAGGCTCAA
TTGGCATCAATGCAGGCTTTATCGAAAACGCCAAAGACGAATTC
GAACTCGGGCAGACACTGACCACCGGTAGCTTGAGCTGGATCTG
TGGCCAGCACTGCGGCGAGAGCGACAACTGGGAACGTGGCGAGA
TCACCATCTACGAAACGTACCTCGAGGCGGCGACCAAGGACTCG
GTAGCGGCGCGCCTGGTGGCGGGCAAAAACATGCTGCTGCAAGG
CGACACGGTGCAGAACCGCTACAGCCTGATGGCCGCCAATGGCG
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ACCTGAGCATCACTGCCGGAGACCTGCTCAACCAGGGCGLCCGLCC
ACGCGCACGGGCCAGCGCAAGCTTGTCATCGGCACGCCAGGTCA
CGTCTCCGACGATTTGTTTGAACGCATGCAATATGTTGATGTGC
CCGCGTTCAATGCGGCCACGGCGGCTGGGAATTTCGACAAGGCG
CGCTTCGAAGAACTCAAAAGCCGCTCACCCAATAGCCTGCCGTT
CGCCTACGCCAGTGACGTCACCACCTGGACCAACAACAGCGGCC
CCGGCTACGACGCCACCCTGCAAGCGGGCGGCACGGTCAACCTC
AACGTCGCCCGCACCCTGCAAAACGGCACGCTGCACAACAACAC
CCTGGCCCAGTTGACCGGCACCCTCGGCGACGACCAGACCGGCA
TCCCCGTCGGCGGCATCAACATCAACCTGAGCARACACGCCAAC
GACCCGAGCGCCCAGGCGCCCGGCAGTGTCTTGCCCGTCGTGGG
CGTGGCCCCTIGGTGGCGGCTTCGTGCCCGTGGATTACACCGGCA
CCGCGTTTGCCCCGGTCGACCCCACCACCTCGCCCACCTTCCAA
CTGCCCAAGGGCGAATACGGCCTGTTCGTCAAARACGCCGACCC
CACCAGCCACTACCTGATCGAGACCAACCCCGAGTTCACCTCGG
TGTCGGGCTTCTTCAGCTCCGACTACATGCTCGGCAAACTCGGT
TTCACCGCCGACAACGCCTGGCGCCGCCTCGGTGACGGCCAGTA
CGAAACCCGCCTGATCCGCGACGCCGTCCTCGCGCAAACCGGCC
AGCGCTTCCTCGCCGGCGGCCTGTACAGCGACGCCGACCAGTTC
CGCTACCTGATGGACAACGGCCTCGCCAGCARAGACGCCCTGCG
CCTGAGCCTGGGCGTGGCCCTCACCGACCAGCAAGTCGGCGCCC
TGACCCACGACATCGTGTIGGATGGAAAACCGCGTCATCGAAGGC
CAGACCGTGCTCGTGCCGGTGCTGTACCTGGCCCAGGCCGACTC
GCGCAACGTGCGCGGCAACAGCCTCATCCAGGGCCGCGACCTCA
ACCTGGTCACCGGCGGCGACCTGATCAACGTCGGCACCCTGCGC
GCCAGCAACAACCTCTCCGCCATCAGTAGCGGCAGCATTTATAC
CGGCGGCCTGGTCGAAGCCGGCAACAATCTCAGCCTGCTGGCCC
AGGACAGCATCCGCAACGCCATGGCCGGCGARATCCGCGGCAAG
CAAGTCAGCCTCACGGCGCTCAAAGGCGATATCACCAACGAAAL
CACCGCCATCCAGGTGCGTGACGGCGCCGGTATGCGCACCCTCA
CCGACACCAGCGCCGGCACCATCGTCGCCCGCGAARACCTCGCC
ATCGACGCTGGCCGCGACCTCACCAACCGAGGCGCGCTGGETAGC
GGGCAACGACGCCAACCTCACCGCCGGCCGCGACCTCAACCTCA
TCGCCGCCAGCGACACCCGCGTCAAACACGAGACCCGCGACGGC
GGCGAGARATCCAGCATCACCACCGACGTCARAARACCTCGCCGL
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CAGCGTCACGGCGGGCGGCAACCTCAACATGCAGGCCGGGCAAG
ACGTCAACATCATCGGCAGCAATGCCACGGCCGGCAARGACCTC
AACATCGCCGCCGGCCGCGACCTCAACGTCGCCTCGGTCAGCGA
CATGCACAACGTCGAGGGCAAGGAAAAGGACGGCAAARAACGCA
TCAGGACCTCGGACGACCAGACCACTCAAGTGGCAAGCGTGCTG
ACGGCGGGTGGGGATTTTGTCAGCCAGGCGGGGCGTGATACCAC
GATTGTGGCGAGCATGATCAGTGCGGGGAATGAGGCTTATCTGT
ATAGCGGGGATAAGTTIGAGTITTGTTGGCGGCTGAGARACAGTACG
CATACGTTGTATGACATGAAGGAGAAGGGAAGCTGGGGCGCTAA
ARAGGCGCAGATGGATGAAGTGACCCGCACCACCCAGGTAGGGA
CCGAGATCAAGACAGGTGGCAACCTAGTCCTTARAAGCGACGGC
GACCAGCTGTATCAAGTTGCGAAGCTTAATAGCGGCAAGGACAT
CATCCTTGATAGCGGTGGTGCAATTGTCTTTGAAGGCGTCAAGG
ACCTGCACGATGAGAGCCACACTAAGAGCAAAAGCGACCTCTCG
TGGTTCAGCGCTAAGGGCAAAGGTAATACAGACGAAACCTTGCG
TCAGAGCGAGTTGGTTGCCCAAGGACAGCTTGTCATCAAGGCCG
CCGAAGGCATTCGTATCGACGTCAAACAGGTCGATCAGCAGACT
GTAAGCCAGACCGTTGATGCGATGGTCAAGGCTGATCCTAATTT
GGCCTGGCTCAAGCAAGCTGAGGCACGTGGCGACATTGATTGGC
GCCAGGTAAAGGAGATTCACGAGAGCTTCAAGTACGACAACTCA
GGGTTGGGCGCCGGTGCCAAGATTGCGATTGCGATCATGATGGC
GGCGATCATGGGGCCGGTAGGATTCGGGTTGCAGGGAGCCACCC
TTGCGGTGAGCACCAGCCTGAGTACGACGGCAGTCACTAGCACC
ATCAACAACAAAGGCAATTTGGGTGCAGCGCTTAAGGAAACGGT
CAGCGCCAATAGCCTGAAAAGCGCAGCAGTCGCCGGGTTCACGG
CGGGGGCTCTTGAGTATGCCGACACCAATTGGTTCGCTGGTGCT
GACGGTGCAGGTGCAGGTGCAGGCACAAGTACAARGCACAGTCCA
AGGTGTTACCCCGAGTACGGGTTCAACCTTGGCGGTTACGAACT
CCTCCAAAGATATTTTCACCTGGACGTCAGCAGGCGATATCGCG
CTGCGTACCGGTGGCCGGGCGGTAATCTCTAGCGGAATATCGALC
GGCCATTCAAGGGGGAAGCTTCGGCGACAACTTCAATGCGGCCC
TGTTGGGAGAGGCTGGCAACGTTGCAATGGCTACCGGTTTTAAT
TGGGTGGGTGACTACGTCACGTTCCCCAATGGCAGCCCTCARAAR
GATTATTGCGCACGCTTTGATGGGGGGATTGCTGGCTGAAGCCA
CAGGTAGCGATTTCAAAACCGGGGCTGCCGCTGCCGGGCTGAAT
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GAGGCACTCATCAATCAGTTGGTGTGGGCTGCTCAAGGCAATGA
CGACATCACGCTGATGCTTTCACAGCTGACAGGCTTGTTAGCAG
CTGCGGCGGTCGATGGAGATTTGGAAAAAGGCTCTCAGATTGCT
CAGAAGGCGACGACGTTCAACTATCTTTACCACGAAGAAGTCGA
GGARATGCTTCGGGAGGTAGATAGCAAGACTACGGAGCAAGAGA
AGCGTGAGGTCAGGCAGCGCTATGCGGAACTTGATCAGCAGAGA
AATGACGAGTTGGATGCGCTTTGCGCACGCGATCCGCAACGCTG
CCGAGGTATTGCCACTTCCTTGGCGAACGATGATCAGAAACTCG
TTGATCTGGTAGGTAGGTTGAGATCCCAAGGGCAGGGCGGTGCT
GCTTCTGCGGTTGGTTTTGTGATAGGGAACAACCTAGACGCGTC
CAGCCAAATTGCAGCAGATATCAGCTCTGCGGGCGGTGGGCCAT
TAGTTAAGCTCGGTGCGGAGGCAATTAAGGCCGGAGTTGGGATC
ACACTGCCTTCACGTTCAAGCTCTGGTAAGGGGAAAGGAAGCCA
AGTCGGCGCGGGTTCCCTITGAAGAGGCGGCGGGTCCAAAGGCGA
CAGGCGAAGTAGTGCCTCCCGCGCCTATTGTGACTTCTGGTGCG
ACTAGGACAGGTGTTGTTCGTACAAATGCCGCAGATTGGAGAGC
ACTGCGTAATAATTGGGATGACCTTGGGTATGGTCAAATCTTAA
GTACTGAAAATCGGGCCGCGATTGCTAAAGGACGGACTCCAAAA
GTCGACGATGCATGGGTTAAGGTTTTTCCTGAAGATGCAGGGCT
AAAGGGCGAGAGAATTCCTATGCACCATGTTCAGGGTTCGCCAC
TTACTGTGCCACTGCCTGATACACGGCATTTGGATGCGCATATG
CCAGGAGGGTTTAGATATAATCCAGGCGGTCCAGGGTCGGCTCT
CCCGGCATACCCTCCAAAARARGGAGCTGAATAA

45

Protease D-alanyl-
D-alanine
carboxypeptidase/
endopeptidase
AmpH precursor
amino acid
(RXF01040;
PROKKA 04307)

P. fluorescens

MFRRLRGIPLLGCLMGSIGCHSQPPAPPPIQKGDYGAIIRYLQT
RIPREMARDNVAGLSIALVNGQELIWARGFGLADKDOGVPVTPN
TAFRAGGISKLLSATAALQLVEQHHLALDAPIQQTLREFYVRSR
FHSDOAEADRAITLRRLLSHQSGLPSEHLRDLRSTYAMGOMPMR
VSGVWLSSLPGSQVAYSNLGYSLVGAATERSSGKSFEAQLQSSL
LTPLRMNQSSEFVGTGAQMGFRAHGYEDGKASTDAQVRDLAAGGL
WISPKDLSRYVRMLFANGTYKGSQILGSASIDAMEFTQONTGNAL
DEFDCQIGLGWFLAPCGDEPIGPGVRTYQHSGGGDDEVAQLTLLP
DOQLAVIIMANDSNAEDMVVSLTTDSLRLMLOAQTGQPVCADDC
QOAPSHGLKLRHVPAAVDRKRLAGEYATAWGVFRIRDYHARLTGE
LAGYDFELLRDEQGWLRAQKKILGFWRKDLGELGRVQLDVIQVQ
GROMLTARSHGORIAIGERIEPPPLPAAWANTVGTYQVLSSHEP
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DAPLSGISVRQEDGFLVIRGQLHGEPLTDYILLPIDNAHAVLAG
NGYGLGDTVSRQOVNGLSASGYSFKRTQSPHIPSNEF

46

Protease D-alanyl-
D-alanine
carboxypeptidase/
endopeptidase
AmpH precursor
example nucleic acid
encoding SEQ ID
NO: 45

ATGTTTCGCAGGTTGCGCGGTATTCCGCTCTTGGGTTGCCTGAT
GGGCAGTATCGGTTGCCACTCGCAACCGCCTGCCCCGCCGCCGA
TTCAAAAAGGCGATTACGGCGCAATCATCCGCTACTTGCAAACC
CGCATTCCCCGGGAGATGGCTCGGGACAATGTGGCAGGTTTGTC
GATTGCGCTGGTCAATGGCCAGGAGCTGATCTGGGCTCGTGGCT
TTGGCCTGGCTGACARAGACCAGGGGGTGCCGGTCACGCCCAAT
ACCGCGTTTCGCGCCGGTGGCATTTCCAAACTGCTGAGCGCCAC
GGCGGCGCTGCAGCTGGTGGAGCAGCACCACCTGGCGCTGGATG
CACCGATCCAGCAGACCCTGCGTGAGTTCTACGTACGTTCACGC
TTTCACAGCGACCAGGCCGAGGCGGATCGAGCGATCACTTTGCG
GCGCTTGCTCAGCCATCAATCCGGCTTGCCCAGCGAGCACCTGC
GCGACCTGCGCAGCACCTACGCCATGGGGCAAATGCCAATGCGC
GTGTCGGGTGTGTGGCTGAGCAGCCTGCCGGGGTCCCAGGTGGC
GTACTCCAACCTTGGTTATTCACTGGTGGGCGCGGCCATCGAGC
GCAGCAGCGGTAAAAGCTTTGAAGCCCAGTTGCAAAGCAGCCTG
CTCACGCCCCTGCGAATGAACCAGTCCAGCTTCGTAGGCACCGG
TGCACRAAATGGGCTTTCGCGCCCATGGTTACGAGGACGGCAAGG
CCAGCACCGACGCCCAAGTGCGTGACCTCGCCGCCGGTGGCCTG
TGGACCAGCCCCAAAGACCTCAGCCGCTACGTACGCATGCTGTT
TGCCAACGGCACCTACAAGGGCAGCCAGATCCTCGGCAGCGCTT
CTATCGACGCCATGTTTACCCAGCAAAACACCGGCAACGCCCTG
GATTTCGACTGCCAGATCGGCCTGGGCTGGTTTCTGGCGCCCTG
CGGTGACGAGCCCATCGGCCCCGGTGTGCGCACCTACCAGCACA
GCGGTGGCGGCGATGACTTCGTCGCCCAATTGACCCTGCTACCG
GATCAGCAGCTGGCGGTGATCATCATGGCCAACGACAGCAACGC
CGAAGACATGGTGGTGTCACTGACCACCGACAGCCTGCGCCTGA
TGCTCCAGGCACAGACTGGCCAGCCCGTGTGCGCCGATGACTGC
CAGGCGCCGAGCCACGGCCTCAAGCTGCGCCATGTGCCGGCGGL
GGTGGATCGCAAGCGCCTGGCTGGTTTCTATGCGACCGCCTGGG
GCGTGTTCCGCATCAGGGATTACCATGCACGCTTGACCGGCGAA
CTGGCCGGCTACGATTTCGAGCTGTTACGTGATGAACAAGGCTG
GCTGCGCGCGCAGAAAAAGATCCTCGGCTTCTGGCGCAAGGACC
TGGGCGAGTTGGGCCGCGTGCAGTTGGATGTAATCCAGGTACAA
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GGCCGCCAAATGCTCACCGCGCGCAGCCACGGCCAACGCATTGC
CATCGGTGAACGCATCGAGCCACCGCCCTTGCCTGCCGCCTGGG
CCAACACGGTCGGCACCTATCAGGTGCTCAGCAGCCATGAACCC
GACGCGCCATTGAGTGGCATCAGCGTGCGTCAGGAGGACGGCTT
TCTGGTGATTCGTGGCCAATTGCACGGCGAGCCGCTGACCGACT
ACATCCTGCTACCCATCGACAACGCCCATGCGGTACTGGCCGGC
AACGGTTACGGCTTGGGCGATACCGTCAGCCGCCAGGTCAACGG
GCTGAGCGCTTCGGGTITATTCCTTCAAACGTACCCAATCACCCC
ACATACCCTCGAATTTCTAA

47

Autolytic factor
Serralysin precursor
amino acid
(PROKKA_01103;
RXF04500)

P. fluorescens

MRVPGPTATNSNAGQVPDPRSGISPEGPTQVYTLNSKKTVETTE
QAGKHITRSGFKFHDSNGDGKTTLSYRVSKGETPQOADQARQAL
QSWODVANVTFTEKRQGADGHIDINEMHGT SGGMASLPNRYMSQ
TFANVGTANAGANPPRGHYFREVLVHEIGHTIGLEHPGDYDGSG
NYGRDAAYAGDTRARSVMSYYSEKNQPGHDFKSLNPSAPMMDDI
SAVORKLYGANTKTRNTDTTYGEFNSNTNREAYSLKSANDTPIFCV
WDGGGNDTLDFSGYSHHOKINLNAESFSDVGALKGNVSVAKGVT
LENAVGGKGDDTLIGNHVANRLKGGAGADRLSGGGGADTEVYDH
ASDSTPDNPDVILDFASGADKIDVSAVLKRANVSALKEVDRLTG
QPGOAVMSYDEGRNEGGLALDLTGNGKADLLIKSIGQIKAADIL
AHGDTTAPNPEPKDPKPOQPRPOPEEPKPKPESKPKEPKPEEPKP
RPDSCEPKPRPDPCEPKPRPDPCEPKPRPDSCEPKPRPDPCEPK
PRPDPREPQPRPDPREPQPRPDPREPQPRPDPREPQPCPDPREP
QPRPDPCEPQPRPDPCEPQPRPDPREPRPRPNPREPQPRPDPRE
POPOQPRPDPREPYPRPDPREPRPRPNPREPRPRPNPREPQPRPD
PREPRPRPDPCEPQPRPDPREPRPRPNPREPQPRPDPREPQPRP
DPREPRPRPDPREPQPRPDPCEPQPRPEPCEPRPRPNPREPQPR
PDPCEPKPTPRTDPCEPKAVTRNVRPAYGLSAHSGEYRAMQAPA
FDSRHFQGGLAGEFIRRQKRAE

48

Autolytic factor
Serralysin precursor
example nucleic acid
encoding SEQ ID
NO: 47

ATGAGAGTGCCAGGACCAACCGCAACGAATTCTAATGCAGGGCA
GGTGCCAGATCCGAGGAGTGGCATCAGCCCGGAGGGCCCTACGC
AGGTATATACACTAAACAGCARARARACCGTCTTCACTACGGAA
CAGGCCGGGAAACATATCACCCGCAGCGGTTTCAAGTTTCATGA
CAGTAACGGTGATGGCAAAACCACGTTGTCCTATCGTGTTTCCA
AGGGCTITTACCCCACAGCAGGCAGATCAAGCCAGGCAGGCACTG
CAATCCTGGCAGGATGTCGCTAACGTCACATTCACTGAARAAAG
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GCAGGGGGCTGACGGCCATATAGATATCAATGAGATGCACGGAA
CCTCTGGGGGTATGGCCTCACTCCCCAACCGCTATATGAGTCAA
ACTTTCGCAAATGTCGGAACAGCGAATGCAGGTGCAAACCCTCC
ACGGGGTCATTATTTTCGCGAAGTTCTAGTTCACGAAATAGGCC
ACACCATTGGGCTGGAACACCCGGGGGACTATGATGGCTCTGGT
AACTATGGACGGGACGCAGCGTATGCCGGGGATACTCGAGCGCG
TTCTGTGATGAGTTACTATTCGGAAAARAARCCAGCCGGGACATG
ATTTCAAATCATTGAACCCCTCTGCGCCGATGATGGATGATATA
TCGGCCGTTCAGARAACTCTATGGGGCGAATACTAAAACGCGTAA
TACCGATACGACGTATGGATTTAATTCCAATACAAACCGTGAAG
CCTATAGTTTGAAGTCGGCTAACGACACACCCATTTTCTGTGTG
TGGGATGGTGGTGGTAATGACACATTGGATTTCTCTGGGTATTC
ACACCATCAGAAAATCAACCTCAATGCCGAGTCCTTTTCGGATG
TAGGGGCGTTGAAAGGTAACGTTTCCGTTGCCAAGGGCGTCACG
CTGGARAATGCAGTGGGCGGTAAGGGCGACGACACACTTATCGG
TAATCATGTTGCCAATCGCCTCAAAGGGGGGGCGGGAGCCGACA
GACTGTCTGGGGGGGGECGGCGCAGATACCTTTGTTTACGACCAT
GCCAGTGATTCCACCCCGGATAACCCTGATGTCATCCTGGATTT
TGCGAGTGGCGCAGATAAGATTGATGTATCCGCAGTCCTTAAARA
GAGCGAATGTCAGTGCTCTCAAGTTCGTCGATCGCTTAACTGGC
CAACCCGGCCAGGCTGTGATGAGTTATGACGAGGGCCGCAACGA
GGGGGGGCTGGCCCTGGATCTGACAGGCAACGGCAAGGCTGATC
TATTAATAARAAGCATTGGCCAGATAARAAGCTGCTGATATCTTG
GCGCACGGCGATACAACCGCGCCAAACCCTGAACCCARAAGATCC
CAAGCCGCAGCCGCGTCCTCAACCCGAGGAGCCCAAACCCAAGC
CTGAATCCAAACCGAAGGAGCCAAAACCGGAGGAACCAAAALCCG
CGTCCGGACTCGTGTGAACCARAGCCGCGTCCGGATCCGTGTGA
GCCGAAGCCGCGTCCGGATCCGTGCGAGCCGAAGCCGCGTCCGG
ATTCGTGTGAGCCAAAGCCGCGTCCGGATCCGTGCGAGCCGAAG
CCGCGTCCAGATCCACGCGAACCGCAGCCACGTCCGGACCCGCG
CGAGCCGCAGCCGCGTCCAGATCCACGCGAACCGCAGCCACGTC
CAGACCCACGTGAACCGCAGCCATGTCCGGATCCACGCGAACCG
CAGCCGCGTCCGGACCCGTGTGAGCCGCAGCCGCGTCCGGALCCC
GTGTGAGCCACAGCCGCGTCCAGACCCACGTGAACCGAGGCCGLC
GTCCGAACCCACGTGAACCGCAGCCACGTCCGGACCCACGCGAG
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CCGCAGCCGCAGCCGCGTCCGGACCCACGTGAACCGTACCCACG
TCCAGACCCACGTGAACCGAGGCCGCGCCCGAACCCACGTGAGC
CGAGGCCGCGTCCGAACCCACGTGAACCACAGCCGCGTCCAGAL
CCACGTGAGCCGAGGCCGCGTCCGGACCCGTGTGAGCCACAGCC
GCGTCCAGACCCACGTGAGCCGAGGCCGCGTCCGAACCCACGTG
ANACCACAGCCGCGTCCAGACCCACGTGAACCGCAGCCACGCCCG
GACCCGCGTGAGCCGAGGCCGCGTCCGGACCCACGTGAACCGCA
GCCACGCCCGGACCCGTGTGAGCCACAGCCGCGTCCGGAACCAT
GTGAGCCGAGACCGCGTCCGAACCCACGTGAACCGCAACCACGT
CCGGACCCGTGCGAGCCTAAACCAACCCCTCGCACAGATCCTTG
CGAGCCGAAAGCTGTCACTCGAAACGTAAGGCCAGCCTATGGCT
TGAGTGCCCATTCAGGCGAGTACCGGGCGATGCAGGCGCCAGCC
TTTGATAGTCGTCATTTCCAGGGCGGGCTTGCAGGGGAATTCAT
TCGACGTCAGAAGCGCGCTGAATAG

49 | Autolytic factor S- | MASTRVRFQFRQDESGELRVYGLHTQPGSGADRVPVAQARWNYD
type Pyocin amino | KSAMVAVLDGISITWTPNLGPVVSVPSPYPGTPERLDNMFVEPI
acid AVGQDSAISHYPGRDAENITWQDTIISFPADSGVPPLYLVFAKP
(PROKKA 02110) |AVRPLEVDIYGAFSGRLRNGLHVDHIPSQAAIRRHLERYAISFT
P. fluorescens EKQLKEALNNAASTATPSYTHQKFSETYGWRNTEKKQTLDADDI,

RQAADNNFDAIKPYLLDHGFAETDLEMARTRMHKVNENQGWY

50 | Autolytic factor ATGGCCAGCACGCGAGTGCGTTTCCAGTTTCGCCAGGATGAGTC

S-type Pyocin
example nucleic acid
encoding SEQ ID
NO: 49

CGGTGAACTGCGTGTTTACGGCCTACATACCCAACCTGGCAGTG
GCGCCGACCGTGTGCCGGTTGCACAAGCCCGGTGGAATGTGGAC
AAANGCGCGATGGTCGCGGTGCTGGATGGCATCAGCATCACATG
GACGCCGAACCTCGGCCCGGTTGTCAGCGTGCCGAGCCCGTATC
CCGGAACACCGGAACGCTTGGATAACATGTTTGTTCATCCGATT
GCGGTGGGGCAAGATTCGGCGATCAGTCACTATCCAGGGCGGGA
TGCAGAARAACATCACCTGGCAGGATACGATCATTTCGTTTCCGG
CTGATTCGGGTGTGCCGCCGTTGTATTTGGTGTTTGCCAAGCCG
GCGGTCAGGCCGTTGGAAGTTGATATTTACGGTGCGTTCAGTGG
ACGACTGCGCAACGGGTTIGCACGTGGATCACATACCCTCGCAGG
CAGCGATAAGACGTCATCTCGAACGCTATGCAATAAGCTTTACA
GAGAAGCAGCTCAAGGAAGCGTTAAATAATGCTGCGAGCATTGC
TATTCCGTCTTACATCCATCARAAGTTTAGTGAGACTTACGGTT
GGCGAAACACGGAGAAAAAGCAGACGTTAGATGCCGACGATCTT
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CGTCAGGCGGCAGACAACAATTTTGATGCTATCAAGCCATACCT
CCTGGATCACGGCTTCGCTGAGACTGATCTCGAGATGGCACGCA
CCCGAATGCATAAGGTCAACGAAAACCAGGGGTGGTACTAG

51

Autolytic factor
Linear gramicidin
synthase subunit D
amino acid
(PROKKA 02750;
RXF07469)

P. fluorescens

MNAEDSLKLARRFIGLPLEKRQLFLOALQKEGVDFSRFPIPAGV
EVEDROALSYAQORMWEFLWQLDPASGAYNLPGAVRLSGVLSLPA
LEQAFASLVARHETLRTVFQROADERLAQVAVEPSVAVEHLDET
ALAFDAREQAVNAAATROSLLPFDLEHGPLLRVQLLKLAEQEHV
LLLTLHHIVSDGWSMNVLIDEFIRCYDAHERDEAPQLPALPIQY
SDYALWQRRWLEAGEQARQLEYWQARLGDEHPVLELPTDHPRPA
MPSYQGTRHNFATEPALAAQLRSCAQKHNVTLFMLLLGAFNVLL
HRYTGOGDIRVGVPIANRNRTEVEGLIGFFVNTQVLRTELSGQT
RVAELLOQGIKEHALGAQAHQELPFERLVEALKIERSLSHTPLFEQ
VMYNHOQPVVADIASVSTASGLELALVEWQGRTTQFDLTLDTYEK
SGTLHAALTYANDLEFDTPTIERMARHWTRLLOAMVLDGEQRIGE
LPMLDAAEQORLLHTWNHTAEAYPTERGIHHLIEDQARRSPDAP
ALVEFGTTTLTYAQLDARANQLAHALGEQGVGPDVLVGICIERSI
EMVVGLLAILKAGGAYVPLDPEYPQERLAYMIEDSGIQLLLSQO
SLLASLPVAGIQVIALDOQPALWLDGYSSESPNVALHALNLAYVI
YTSGSTGKPKGAGNSHRALVNRLSWMQQAYGLGANDAVLOKTPF
SFDVSVWEFFWPLMSGARLVVAAPGEHREPARLIDTIGRHAITT
LHEVPSMLOAFTHEPGVQACASLTRIVCSGEALPLDAQQQVFEAK
LPAAALYNLYGPTEAAIDVTHWTCIDEGVDSVPIGRPIANLGTY
VLDAQLNPVPAGVSGELYLGGVGLARSYHRRPALTAERFVPSPF
VIGERLYRTGDRVRQRADGVIEYLGRLDHQVKLRGLRIELGEIE
ARLMQOHPHVREAVVLVHGGKQLVAYLVHPGEAPTDLKAWLLSSL
PEYMVPTHFIALPKLPVTANGKLDRKALPVPDAALQQAFVAPQG
DLOTALAAIWSDVLGVEEVGODDNFFELGGDSIISIQVVSRARQ
AGIRLSPRDLFQYQSIRSLALVARFEQVSLIDOGPVSGEVMLTP
VOHSFFDOQPIPARHHWNOSLLLVPGEVLEPARLEATLARLIEHH
DALRLRFVQQADGWQQOSHAAYVSEPLLWQCQASTDAELAALCDE
AQRSLDLAQGPLLRAALVNLADGSQRVLLVIHHLVVDGVSWRIL
LEDLOQQAYRDQALPAKTSAYQORWAQQLHRHAQSLDQOLPYWQAQ
SIDAELPCDHPEGGLONRLGAKLETRLDVEHTRRLLODAPAAYR
TOQVNDLLLTALARVISRWSEQPAALIQLEGHGREDLFDDIDLSR
TVGWFTISLYPVRLHAEGELSAATKSVKEQLRAVPNKGIGYGLLR
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YLGTPDTREALSTLAAPRITFNYLGQFDRQFNDSALFVPARQGS
GQAQDAEAPLANWLTVEGQVYGGELSLQWGFSREMFEAATVQRL
ADEYAAELNALIEHCCATPAGQVSPSDFPLARLTQQQLDALPVA
GPAIADLYPLSPMOQGMLFHTLLEPEAQAYINQLRLDIEGLDVL
AFGRAWQAALDRHDILRSSFHWLGLDSAHQLIQRQVDLQOLQVIE
DENADFDTLAHAERERGFALNAAPLFRLTLVRGAGAAWHFIFTS
HHILMDGWSNAQLLAEVIAHYAGOAVPAPLGQFRDYLAWLQQQS
SGEAFWKTALAALPAPTLLAQALRTPVDGVGMADHHVALESNFET
RRLGEFARQHKVTLNTLLQGAWSLLLQRYTGQDCVAFGATVAGR
SAPLPGIEQQLGLFINTLPIISAASPAQSAATWLSELQVLNLSL
RDHEHVPLYDIQGWAGQQGALFDTLLVFENFPVAEALKQGAPAG
LTFGRLHNHERTHYPLTLGIELGASLRLEFSYDRAQFSEAQVAQ
LSANLQHLLAQLLADAHMPLGNLRLLDAPAQQQMLALSRSAAAP
QANERVHQRIAAQAEATPDALAVQAGDASVSYAQLNQRANRLAH
RLLALGVGPGQORVGLASRRGPQLIVSLLAVLKSGAAYVPLDPEY
PAERLAYMLADSRLDLLLSETGLLADLPLPRGLTRVDFSACGEE
LTGYPTTNPPNHAAAADLAYVIYTSGSTGQPKGVAIDHAALGQF
CDSATLYSRLSAEDRVLQFATFSFDGFVEQCFPPLCAGAALIMR
GDELWDAGQLAREIVEQGVTLADLPAAYWYLLAQECAEHRRSLG
KLRQVHVGGEAMSVEGVRAWYAAGLGNVRLVNTYGPTEATVVSS
VHECQLADANDAYGVPIGQAIAGRALYVLDNGFELLATDGVGEL
CIGAEVGLAQRYFDRPALTAERFLPDPISATPGARLYRSGDLAR
YNPAGALEYVGRIDHQVKIRGLRIEMGE IEASLOALSNVREAAV
LAQPSATGVQLVAYVVPAEGQALATQALAARLRQTLPDYMVPGH
WVALDALPLNHNGKLDRRALPTPDLNQASTTYVAPQSPLQIQLA
AIWQAVLQOVEQVGLEDHFFERGGHSLLATQVISRVRHDLKLEVP
LRALFEQPTLAAFAAACAGVQVDTAPVIQAVGRDQPLALS FAQE
ROWFLWQLDPTSAAYHVPTALHLRGELDIAALERAVEALVQRHE
PLRTTFVESGEHTVQVIHPSLAVPVEQQKVDAGTIEQAVIEEIQ
RPFDLRNGPLMRVKLLIVAPDHHVLVITQEHI ISDGWSMQVMID
EWVALYQGDVGLPALPIQYADYAQWQRDWMAAGEQQRQLDYWCA
RLGHEHSLLDLPLDHPRPAVQSHRGARRQIHLERVLLTELKALA
QRQDVTLFMLLLASFQTLLHRYSGQAQVRVGVPVANRNRFETER
LLGFFVNTQVLOADVHGOMPFDQLLAQVKLRALEAQAHQDLPFE
QLVQVLQPERSLSHNPLFQVMFNHQDS LRSAPVQLPGLALQPVD
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WAGHSTQFDLNLETEESVDGLWASLTYATDLFDAATAERLAEHW
ONLLRAVLODASVALDDLAMLSPSQSQOMVHDWNRSDTDYPRER
CVHQLFEAQAAAQPDAIALHFNDERLSYGELNRRANRLAHRLID
MGVGPDVLVAVHVERSLDMVVGLLATLKAGGAYVPLDPQFPAER
LAYMLEDSRARVLLTQPHLLGHLAQPHGVQVLMVEEAGTAQHNP
QVAVTPEHLAYVIYTSGSTGKPKGVMVRHKALCSFTSAMAGTLS
IGODARLLSLTTFSFDIFALELYVPLSVGGTVLLSAQAMALDPE
ATLDLAQROAANVLOATPSTWRMLLDSPRAHATLRGIACLCGGEA
LPVDLAQRMLDLQGPLWNLYGPTETTIWSAAHRLHQALPFVGRP
IANTRLFILNAGLTPCPQGVSGELLIGGVGLARGYHGQPALTAE
REVPNPFGASGERLYRTGDLARYQADGVVEYIGRVDHQVKVRGE
RIELGEIEACLREFDGVREAVVLADNDRLIAYLVSTAPQAPQVY
KAALRERLPDYMVPAQWLEFLDSLPLTPNGKLDRKALPKPDASLS
LKGHVAPVTPREQOVAATWAEVLELPRVGLDDHFFELGGHSLLA
TRVVSRVROALALEVPLKALFEQPLLGDFVRALGEEGVTAPALI
KADRTQPLPLSYAQERQWFLWQLDPAGAAYHIPSALRLOQGPLDL
TALOQESFDSLLARHESLRTYFRODATGAVQVIDAQSRVDIEQVD
SDYAGLKARVAQVVAQPEDLLRGPLLRVTLLRLAEDDHVLVLVQ
HHIVSDGWSMQLMVEELVOAYAANSQGQDVQLPTLPIQYADYAV
WORDWMEAGEQARQLAYWREQLSGEQPVLELPFDHPRPAQPSHR
GARLGIELHPELLGSLRALAQHAGVTLPMLLLASYQALLHRYSG
QEDVRVGVPIANRNRLETEGLIGFFVNTQVLKADIHGOMSTEQL
LHOQVRORSLEAQAHQDLPFEQLVOALQPERSLSLSPLEFQVLENH
RVSAADSHLHRLADLHVEVLDLDEGVAQFDLALDVEESPTALRA
SLSYATDLFAVATIERMAGHWONLLRAMVVDPQQPISQLSLLGE
DEQOQILELWNQTDAGEFSAERLVHELVGDRARETPDAVAVKEDA
QTLSYGELDROQANRLAHALTARGVGREVRVAIAMPRSAESMVAF
LAVMKAGGVYVPLDIEYPRDRLLYMMQDSRAQLLLTHSRALQQL
PVPEGLETLAIDRTEEWAGYSDTAPDVALDGDNLAYVIYTSGST
GLPKGVAVSHGPLVAHITATGERYETSPADCELHFMSFAFDGSH
EGWMHPLINGASVLIRDDSLWLPEYTYEQMHRHNVTMAVEPPVY
LOQLAEHAERDGNPPAVRVYCFGGDAVAQASYDLAWRALKPKYL
FNGYGPTETVVTPLLWKARKGDPCGAVYAPIGTLLGNRSGYVLD
AQLNLQPIGVAGELYLGGEGVARGYLERPALTAERFVPDPFGKP
GSRVYRSGDLTRGRPDGVVDYLGRVDHOQVKIRGFRIELGEIEAR
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LREQASVGETVVVAQEGPTGKQLVAYVVPADASLADPVEFRDAL
RRALKADLPDYMVPSHEFVFLAQMPLTPNGKLDRKGLPLPDASQOM
QOQOYLAPQTELEQQIATIWADILHLPOQVGLNDNFEFDVGGHSLLA
IQITSRVQAELGLDVPILMELFQTESLRAYVQOAAATFRAGSVEDF
DDLRDFLSELEAT

52

Autolytic factor
Linear gramicidin
synthase subunit D
example nucleic acid
encoding SEQ ID
NO: 51

ATGAATGCTGAAGACTCCTTGAAACTTGCTCGCCGGTTTATCGG
GCTGCCCCTGGAAAAACGCCAATTGTTCCTGCAAGCCTTGCAGA
AAGAAGGCGTGGATTTITICAAGGTTTCCGATTCCGGCAGGGGTG
GAGGTGGAGGACCGCCAGGCGCTGTCCTACGCACAGCAGCGCAT
GTGGTTTCTATGGCAGTTGGACCCGGCCAGTGGCGCCTACAATT
TGCCCGGCGCGGTGCGTTTAAGTGGCGTGTTGAGCCTGCCAGCG
CTGGAGCAAGCGTTCGCCAGCCTGGTGGCGCGTCACGAAACCCT
GCGCACAGTGTTCCAGCGTCAGGCCGATGAGCGGCTGGCGCAGG
TGGCGGTGGAGCCGTCGGTGGCCGTCGAGCACCTGGACTTCACC
GCCTTGGCCTTTGATGCGCGGGAGCAGGCCGTCAACGCCGCCGL
CACCCGTCAATCGCTGTTGCCGTTCGACCTGGAACATGGGCCAC
TGCTGCGCGTGCAACTGCTCAAGCTTGCCGAGCAGGAACACGTG
CTGCTGCTGACCCTGCACCACATCGTCTCCGACGGTTGGTCGAT
GAATGTGCTGATCGACGAATTCATCCGTTGCTATGACGCCCACG
AGCGCGACGAAGCGCCCCAACTGCCGGCGCTGCCCATCCAATAC
AGCGACTACGCCCTGTGGCAGCGCCGCTGGCTGGAAGCGGGCGA
GCAGGCGCGCCAATTGGAATATTGGCAGGCCCGCCTGGGTGATG
AGCATCCGGTGCTGGAACTGCCCACTGATCACCCACGCCCCGCG
ATGCCCAGCTACCAGGGCACACGGCATAACTTCGCGATTGAGCC
GGCACTGGCCGCGCAACTGCGCAGTTGCGCGCARARACACAACG
TTACCCTGTTCATGCTGCTGCTCGGTGCCTTCAATGTGCTGTTG
CACCGCTATACCGGCCAGGGCGACATTCGCGTCGGTGTGCCGAT
TGCCAATCGCAATCGCACCGAAGTCGAGGGCCTGATCGGTTTCT
TCGTCAACACCCAGGTGTITGCGCACCGAACTGAGCGGGCAAACC
CGGGTTGCCGAGTTGCTGCAAGGTATCAAGGAGCATGCCCTGGG
CGCCCAGGCTCATCAGGAATTGCCCTTTGAACGTCTGGTGGAAG
CGCTGAAAATCGAGCGCAGCCTGAGCCACACGCCGCTGTTTCAG
GTGATGTATAACCATCAGCCGGTAGTCGCCGACATCGCCTCGGT
CAGTACCGCATCGGGTICTGGAATTGGCCCTGGTGGAATGGCAAG
GCCGTACCACCCAGTTCGACCTGACCCTGGACACCTATGAARAG
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TCCGGCACCCTGCATGCCGCGCTGACCTACGCCAATGACTTGTT
CGATACGCCCACCATCGAGCGCATGGCCCGGCACTGGACCCGLCC
TGCTGCAAGCTATGGTGCTCGATGGCGAACAGCGCATTGGCGAA
TTGCCCATGCTTGACGCGGCTGAACAGCAACGGTTGCTCCACAC
CTGGAACCACACCGCCGAGGCGTACCCGACCGAGCGCGGCATTC
ATCACCTGATCGAAGACCAGGCACGGCGCAGCCCCGATGCTCCG
GCACTGGTGTITCGGTACCACCACCTTGACCTACGCCCAACTGGA
TGCGCGCGCCAACCAATTGGCCCATGCCCTGGGCGAGCAGGGCG
TAGGGCCCGACGTATTGGTGGGTATCTGCATCGAGCGCTCCATC
GAAATGGTGGTTGGCCTGCTGGCGATTCTCAAGGCCGGTGGCGL
CTACGTGCCCCTCGACCCTGAGTACCCCCAGGAACGCCTGGCCT
ACATGATCGAAGACAGTGGCATTCAGTTGTTACTCAGCCAGCAG
AGCCTGCTGGCGTCGCTGCCCGTCGCCGGTATCCAGGTGATTGC
CCTGGACCAGCCGGCGCTATGGCTCGACGGATACAGCAGCGAAT
CGCCGAACGTGGCCCTGCATGCCCTGAACCTGGCCTATGTGATC
TACACCTCGGGCTCCACCGGCAAGCCCARAGGCGCTGGCAACAG
CCATCGCGCGTTGGTCAACCGCTTGAGCTGGATGCAACAGGCGT
ATGGCCTGGGTGCCAATGACGCGGTCTTGCAGAAAACCCCATTC
AGCTTTGATGTGTCGGTGTGGGAGTTCTTCTGGCCGCTGATGAG
CGGCGCACGCCTGGTGGTCGCGGCGCCTGGCGAGCACCGTGAALC
CGGCGCGCCTGATTGACACCATTGGCCGGCACGCCATCACCACC
TTGCACTTCGTGCCGTCGATGTTGCAGGCGTTTATCCATGAGCC
GGGCGTACAGGCGTGCGCGAGCCTCACGCGTATCGTCTGCAGCG
GCGAAGCCTTGCCCCTGGATGCGCAACAGCAAGTGTTCGCCAAG
TTGCCCGCTGCGGCGCTGTACAACCTCTATGGCCCGACCGAGGC
GGCCATCGACGTCACGCACTGGACCTGCATTGACGAAGGCGTCG
ACAGCGTGCCCATCGGCCGCCCCATCGCCAACCTCGGCACCTAC
GTGCTGGACGCACRAACTCAACCCGGTGCCGGLCTGGCGTCAGCGG
CGAACTCTATCTCGGCGGCGTTGGCCTGGCGCGCAGTTACCACC
GACGCCCGGCGCTGACCGCCGAACGTTTTGTGCCCAGCCCGTTC
GTGACGGGCGAGCGCCTGTATCGCACCGGTGACCGCGTGCGCCA
ACGTGCCGATGGGGTGATCGAATACCTCGGCCGTCTCGATCATC
AGGTCAAGTTGCGCGGCTTGCGTATCGAGCTGGGCGAAATCGAA
GCACGCCTGATGCAGCATCCACACGTGCGCGAAGCCGTGGTACT
GGTACATGGCGGCAAGCAGTTGGTCGCCTATCTGGTGCACCCAG
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GCGAGGCGCCAACGGACCTCAAGGCCTGGTTGCTCAGCAGCTTG
CCGGAATACATGGTGCCGACGCATTTCATCGCGCTGCCCAAGCT
GCCGGTGACCGCCAATGGCAAGCTCGATCGCAAGGCGTTGCCAG
TGCCAGACGCGGCACTGCAACAGGCGTTTGTCGCCCCCCAAGGC
GACCTGCAAACAGCCCTGGCTGCCATCTGGAGCGACGTACTGGG
CGTTGAGGAGGTCGGCCAGGACGATAACTTCTTCGAGCTGGGCG
GCGATTCGATCATCTCCATCCAAGTAGTCAGCCGCGCCCGTCAG
GCCGGCATTCGCCTGAGCCCGCGTGACCTGTTCCAGTACCAGAG
CATCCGCAGCCTGGCCCTGGTGGCGCGCTTTGAGCAGGTCAGCC
TGATCGACCAGGGCCCGGTCAGCGGCGAGGTCATGCTGACGCCC
GTGCAACACAGCTTTTTCGACCAGCCGATCCCGGCGCGGCATCA
CTGGAATCAATCCTTGTTGCTGGTGCCCGGCGAGGTGCTTGAGC
CTGCACGGTTGGAGGCAACGCTGGCGCGGTTGATCGAGCATCAC
GACGCCTTGCGCCTGCGTTTTGTGCAGCAGGCTGACGGCTGGCA
GCAGAGCCATGCCGCCTACGTCAGCGAACCGCTGTTGTGGCAAT
GCCAGGCCAGCACCGACGCCGAACTGGCGGCGCTGTGTGATGAA
GCCCAGCGCAGCCTTGACCTTGCCCAAGGCCCGCTGCTGCGCGC
CGCGTTGGTGAATTTGGCCGATGGCAGCCAACGTGTGCTGCTGG
TGATCCACCACCTGGTGGTGGATGGCGTGTCCTGGCGCATCCTG
CTTGAAGACCTGCAACAGGCCTACCGCGACCAGGCGCTGCCGGL
GAAAACCAGTGCCTACCAGCGCTGGGCGCAACAGTTGCACCGCC
ACGCGCAGTCCCTCGACCAGCAACTGCCGTACTGGCAAGCCCAA
TCCATCGACGCCGAGCTGCCGTGTGATCACCCCGARAGGCGGCCT
GCAAAACCGCCTGGGTGCCAAGCTGGARAACACGCCTCGACGTCG
AGCACACCCGCCGACTGCTGCAAGACGCGCCAGCGGCCTATCGC
ACCCAGGTCAACGACCTGCTGTTGACCGCCCTGGCGCGGGTGAT
CAGCCGTTGGAGCGAGCAACCTGCTGCGCTCATTCAATTGGAAG
GTCATGGTCGGGAAGACCTGTTTGACGACATCGACCTGAGCCGC
ACCGTCGGCTGGTTCACCAGCCTGTACCCGGTGCGCCTGCACGC
CGAAGGGGAACTGTCGGCGGCGATCAAGTCGGTGAAGGAGCAALC
TGCGCGCCGTGCCGARACAARAGGCATTGGCTACGGCCTGTTGCGT
TACCTCGGCACGCCTGACACCCGCGAAGCGTTGTCGACCCTGGC
CGCGCCGCGCATCACGTTCAACTACCTGGGCCAGTTCGACCGCC
AGTTCAATGACTCGGCACTGTTCGTGCCGGCCCGCCAGGGCAGT
GGGCAGGCTCAGGATGCAGAGGCACCGCTGGCCAACTGGTTGAC
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GGTGGAAGGGCAGGTGTATGGCGGTGAGCTGTCGCTTCAATGGG
GCTTCAGTCGAGAGATGTTCGAGGCGGCAACTGTGCAGCGTCTG
GCGGATGAGTACGCAGCCGAACTCAATGCGCTGATCGAGCATTG
CTGTGCCACGCCGGCAGGCCAGGTGAGCCCGTCGGATTTCCCGC
TGGCACGCCTCACCCAGCAGCAACTGGATGCGTTGCCCGTGGCC
GGGCCGGCGATTGCCGACCTTTATCCGCTGTCGCCGATGCAGCA
AGGCATGCTGTTCCACACCCTGTTGGAACCCGAGGCCCAGGCCT
ACATCAACCAGTTGCGCCTCGACATCGAGGGCCTCGATGTGCTC
GCTTTCGGGCGTGCCTGGCAGGCTGCACTGGATCGTCATGACAT
CCTGCGCAGCAGCTTCCATTGGCTGGGCCTGGACAGTGCTCATC
AGCTGATCCAGCGCCAGGTCGACCTGCAACTGCAAGTGATCGAA
GACCCAAACGCCGACTTCGACACCCTGGCCCACGCCGAACGLCGA
ACGTGGTTTTGCCCTGAATGCCGCGCCGCTGTTTCGCCTGACGC
TGGTGCGTGGTGCCGGTGCGGCCTGGCACTTTATCTTTACCAGC
CACCACATCCTCATGGACGGCTGGAGTAACGCGCAGTTGCTCGC
CGAGGTCATCGCGCATTATGCGGGGCAGGCAGTACCGGCGCCGL
TCGGGCAGTTCCGCGATTACCTCGCCTGGCTGCAACAACAGTCC
TCGGGCGAGGCGTTCTGGAAAACCGCCCTGGCGGCATTGCCGGC
GCCGACTCTGCTGGCGCAAGCGCTGCGCACGCCGGTCGACGGGG
TGGGCATGGCTGACCATCACGTGGCACTGGAGAGCAACTTTACC
CGCCGCCTCGGCGAGTTCGCACGCCAGCACAAAGTCACCCTCAA
TACCCTGTTGCAAGGGGCTTGGAGCCTGTTGCTGCAACGCTACA
CCGGCCAGGACTGCGTCGCCTTCGGTGCCACGGTGGCCGGGLGT
TCCGCGCCGLCTGCCGGGGATCGAGCAGCAACTGGGCCTGTTCAT
CAACACCTTGCCGATCATCAGCGCAGCCTCGCCAGCCCAGTCGG
CTGCGACTTGGCTCAGCGAACTGCAAGTGCTCAACCTCAGCCTG
CGCGACCATGAACATGTGCCGCTCTACGACATCCAGGGCTGGGC
CGGCCAGCAAGGCGCGCTGTTCGACACCTTGCTGGTGTTCGAGA
ACTTCCCGGTCGCCGAGGCGCTCAAGCAAGGCGCGLCCGGLCCGGL
CTGACCTTCGGTCGCCTGCACAACCATGAGCGCACGCACTATCC
ATTAACCCTGGGCATCGAACTGGGCGCCAGCCTGCGCCTGGAGT
TCAGCTATGACCGTGCCCAGTTCAGCGAGGCGCAAGTGGCGCAG
TTGAGCGCCAACCTGCAACACCTGCTGGCGCAATTGCTCGCAGA
CGCTCACATGCCGCTGGGCAACCTGCGCCTTCTCGACGCCCCTG
CGCAACAGCAGATGCTCGCGCTGAGCCGCTCAGCCGCAGCGLCA
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CAGGCCAACGAGCGCGTGCATCAGCGTATAGCCGCCCAGGCCGA
GGCGACGCCGGACGCCCTGGCTGTGCAGGCCGGTGACGCCAGCG
TGAGCTACGCCCAGTTGAACCAGCGCGCCAACCGCCTGGCCCAT
CGCCTGTTGGCGCTGGGTGTCGGCCCCGGCCAACGGGTGGGCCT
GGCTTCGCGGCGTGGCCCGCAGTTGATCGTCAGCCTGCTGGCAG
TGCTCAAAAGCGGGGCGGCCTACGTACCGCTGGACCCTGAATAC
CCGGCGGAGCGTTTGGCCTACATGCTCGCCGACAGCCGCCTGGA
CCTGCTGCTCAGCGAAACCGGCTTGCTCGCCGACTTGCCTTTGC
CCCGCGGCCTGACCCGCGTGGATTTCAGCGCCTGTGGCGAGGAG
CTCACCGGCTACCCGACGACCAATCCGCCTAATCACGCAGCGGC
GGCTGACCTGGCCTACGTGATCTACACCTCTGGCTCCACCGGCC
AGCCCAAGGGTGTGGCCATCGACCATGCCGCCCTCGGCCAGTTC
TGCGACAGCGCCACGCTGTACAGCCGACTGAGCGCCGAGGACCG
CGTGTTGCAGTTTGCGACCTTCAGTTTCGATGGTTTTGTCGAAC
AGTGCTTCCCGCCCCTGTGTGCGGGTGCGGCGTTGATCATGCGT
GGCGATGAACTCTGGGACGCCGGGCAACTGGCGCGAGARAATCGT
TGAGCAGGGCGTGACTCTIGGCCGATTTGCCCGCCGCCTACTGGT
ACCTGTTGGCGCAGGAATGCGCCGAGCACCGTCGCTCCCTGGGC
AAGCTGCGCCAGGTGCATGTGGGTGGTGAAGCCATGTCAGTGGA
AGGCGTGCGTGCGTGGTACGCCGCGGGCTTGGGCAATGTGCGCC
TGGTCAACACCTACGGGCCCACCGAAGCCACGGTTGTGTCCAGT
GTGCATGAGTGCCAATTGGCCGATGCCAACGACGCCTACGGCGT
GCCAATCGGGCAGGCGATTGCCGGGCGCGCGCTGTATGTACTCG
ACAACGGTTTCGAACTGITGGCCACCGATGGCGTGGGCGAGCTG
TGCATTGGCGCCGAGGTTGGCTTGGCGCAACGCTACTTCGACCG
CCCGGCGCTGACCGCCGAGCGCTTCTTGCCGGACCCGATTTCCG
CCACGCCCGGTGCGCGGCTTTATCGCAGTGGCGACCTGGCCCGG
TACAACCCGGCGGGTGCGCTGGAGTACGTCGGGCGTATCGACCA
TCAAGTGAAGATTCGTGGCCTGCGTATCGAAATGGGCGAAATCG
AAGCCAGCCTGCAAGCCTITGTCCAATGTGCGCGAAGCCGCCGETG
CTTGCGCAGCCGAGCGCGACCGGCGTGCAGTTGGTGGCGTACGT
GGTGCCAGCCGAAGGCCAAGCGCTGGCGACCCAGGCACTGGCAG
CGCGCTTGCGCCAGACATTGCCGGACTACATGGTGCCGGGCCAT
TGGGTGGCCCTTGATGCCTTGCCGTTGAACCACAACGGCAAGCT
CGACCGCCGTGCACTGCCCACACCCGACCTGAACCAAGCCAGCA
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CCACCTACGTGGCGCCGCAGAGTCCATTGCARATCCAGTTGGCG
GCGATCTGGCAAGCAGTGTTGCAGGTCGAGCAGGTTGGCCTGGA
AGATCACTTCTTCGAACGCGGCGGCCACTCTTTGTTGGCTACCC
AAGTGATCTCCCGGGTGCGCCACGACCTCAAGCTGGAAGTGCCG
TTGCGGGCGCTGTTCGAACAGCCGACGCTGGCAGCCTTTGCTGC
GGCGTGCGCAGGCGTGCAGGTCGATACGGCGCCCGTGATCCAGG
CAGTTGGCCGTGACCAGCCACTGGCGTTGTCATTTGCTCAGGAA
CGGCAGTGGTTTCTCTGGCAATTGGATCCCACCAGCGCGGCCTA
TCATGTGCCCACCGCTTTIGCACCTGCGCGGTGARCTCGACATCG
CGGCGCTGGAGCGCGCCGTCGAGGCCCTGGTGCAGCGCCATGAA
CCGCTGCGCACCACCTTTGTGGAGTCGGGCGAGCACACTGTGCA
AGTCATCCACCCAAGCCIGGCAGTGCCGGTTGAGCAACARARGG
TCGACGCCGGCACTATCGAGCAGGCTGTCATCGAAGAGATCCAG
CGCCCGTTCGACCTGCGCAACGGCCCGCTGATGCGCGTCAAGTT
GCTGATCGTCGCGCCTGATCACCATGTGCTGGTTATCACCCAGC
ACCACATCATCTCTGACGGCTGGTCGATGCAAGTGATGATCGAC
GAGTGGGTGGCGCTGTACCAAGGCGACGTTGGCTTGCCGGCCTT
GCCGATCCAGTACGCCGACTACGCCCAGTGGCAGCGCGACTGGA
TGGCGGCTGGGGAACAACAACGCCAGCTCGATTACTGGTGCGCT
CGTCTGGGTCACGAACATTCGCTGCTGGACCTGCCCCTCGACCA
TCCGCGCCCCGCAGTGCAGAGCCATCGTGGCGCGCGCCGCCAGA
TTCATCTGGAACGTGTGCTGTTGACTGAACTCAAGGCCCTGGCC
CAGCGTCAGGACGTGACGCTGTTCATGCTGTTGCTGGCCTCGTT
CCAGACCTTGCTGCACCGCTACAGCGGCCAGGCGCAGGTGCGTG
TCGGCGTGCCGGTCGCCAACCGTAATCGCTTCGAAACCGAACGA
CTGCTGGGCTTTTTCGTCAACACCCAGGTGCTGCAAGCTGACGT
GCACGGACAGATGCCGTTCGACCAGTTGCTGGCCCAGGTCAAGC
TGCGTGCCCTGGAGGCGCAGGCCCATCAGGACCTGCCGTTCGAG
CAGCTCGTGCAAGTGTTGCAGCCCGAGCGCAGCCTGAGCCATAA
CCCGCTGTTCCAGGTGATGTTCAACCATCAGGACAGCCTGCGTT
CAGCGCCGGTGCAATTGCCCGGCCTGGCTTTGCAGCCCGTGGAT
TGGGCCGGTCACAGCACGCAGTTCGACCTGAACCTGGAAACCGA
GGAATCGGTGGACGGTCTCTGGGCCTCGCTGACTTACGCCALCGG
ATCTGITTGACGCGGCGACCGCGGAACGCCTGGCCGAGCATTGG
CAAAACCTGCTGCGCGCGGTCCTGCAGGATGCCTCGGTGGCCTT
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GGACGACCTGGCGATGCTCAGCCCGTCGCAATCGCAGCARATGG
TGCACGACTGGAACCGCAGCGACACTGACTACCCGCGCGAACGC
TGCGTACACCAGTTGTTTGAGGCCCAGGCCGCGGCGCAACCCGA
CGCCATTGCGCTGCACTTCAATGACGAGCGCCTGAGCTACGGCG
AACTCAACCGCCGCGCCAATCGGCTGGCCCATCGTCTGATCGALC
ATGGGCGTCGGCCCGGACGTGCTGGTGGCGGTGCACGTGGAGCG
TTCCCTGGACATGGTGGTTGGCTTGCTCGCGACCCTCAAGGCCG
GTGGCGCCTATGTGCCGCTCGACCCACAATTCCCGGCAGAGCGC
CTGGCCTACATGCTTGAAGACAGCCGCGCCCGGGTATTGCTGAL
GCAACCGCACCTGCTGGGGCACCTGGCGCAGCCGCACGGCGTGL
AGGTGCTGATGGTGGAGGAGGCCGGCACAGCGCAGCACAATCCC
CAGGTTGCCGTGACACCGGAGCATCTGGCCTACGTGATCTACAC
CTCTGGCTCCACTGGCAAGCCCAAAGGGGTGATGGTTCGTCACA
AGGCGCTGTGCAGCTTCACCAGCGCCATGGCCGGCACGTTGAGT
ATCGGCCAGGATGCGCGGCTGTTGTCGCTGACCACCTTCTCGTT
CGACATTTTCGCCCTGGAGCTGTATGTGCCGCTGAGTGTCGGCG
GTACCGTGTTGCTGAGCGCCCAGGCAATGGCCCTCGACCCGGAG
GCGATCCTCGATCTGGCCCAGCGCCAGGCGGCGAATGTGCTGCA
AGCCACGCCCTCGACCTGGCGCATGTTGCTCGACAGCCCACGGG
CTCATGCACTGCGTGGCATCGCCTGCCTCTGCGGTGGCGAAGCG
CTGCCCGTCGATTTGGCCCAGCGCATGCTCGATCTGCAAGGCCC
GTTGTGGAACCTCTATGGTCCGACGGAAACCACCATCTGGTCGG
CGGCTCATCGTTTGCACCAGGCATTGCCGTTCGTGGGGCGGCCC
ATCGCCAATACCCGCTTGTTICATTCTCAATGCCGGTCTCACGCC
ATGCCCCCAAGGTGTGTCCGGTGAGCTGCTGATCGGCGGTGTCG
GCCTGGCGCGCGGTTACCACGGGCAGCCGGCGCTGACCGCCGAA
CGCTTCGTGCCTAACCCGTTTGGGGCATCGGGCGAACGCCTGTA
CCGTACCGGCGACCTGGCACGCTATCAGGCGGACGGCGTGGTGG
AATACATCGGCCGTGTCGACCATCAGGTCAAGGTCCGGGGTTTC
CGTATCGAGCTGGGTGAAATCGAAGCCTGCCTGCGTGAGTTCGA
CGGCGTACGTGAAGCCGTGGTGCTGGCCGATAACGACCGGCTGA
TCGCTTACCTGGTCAGCACCGCGCCGCAGGCACCGCAGGTGTAT
AAAGCCGCGCTGCGCGAGCGTCTGCCGGACTACATGGTGCCAGC
GCAGTGGCTGTTCCTCGACAGCCTGCCGCTGACCCCCAACGGTA
AGCTCGACCGCAAGGCACTGCCCAAACCGGATGCCAGCCTGTCG
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CTCAAAGGCCATGTAGCGCCCGTCACCCCGCGCGAGCAGCAGGT
GGCGGCGATCTGGGCCGAGGTACTGGAATTGCCCCGTGTGGGCC
TCGACGATCATTTCTTCGAGTTGGGCGGGCATTCATTGCTGGCC
ACGCGGGTGGTGTCACGGGTGCGTCAGGCCCTGGCGCTGGAGGT
CCCACTCAAAGCCTTGTTCGAACAGCCGCTACTGGGTGATTTCG
TGCGGGCCTTGGGCGAGGAGGGCGTCACCGCGCCTGCGCTGATC
AAGGCCGACCGCACGCAACCTCTACCGCTGTCTTATGCCCAGGA
GCGCCAATGGTTCCTTTGGCAACTGGACCCGGCLCGGCGCCGLGT
ATCACATCCCCAGCGCCTITGCGTTTGCAGGGGCCGTTGGACCTG
ACCGCGCTGCAAGAGAGCTTCGATAGCTTGCTGGCTCGCCATGA
AAGCCTGCGCACGTATTTCCGTCAGGACGCCACCGGCGCGGTTC
AAGTCATTGACGCGCAGAGCCGGGTCGATATCGAGCAGGTCGAC
AGCGACTATGCCGGCCTCAAGGCGCGGETCGCGCAGGTGGTCGL
CCAGCCTTTCGACCTGCTGCGTGGGCCGCTGCTGCGGGTTACCT
TGCTGCGCCTGGCCGAGGACGACCATGTGCTGGTGCTGGTGCAG
CATCACATCGTCTCTGACGGCTGGTCGATGCAGTTGATGGTCGA
GGAACTGGTGCAGGCGTATGCCGCTAACAGCCAAGGCCAGGACG
TGCAATTGCCGACGCTGCCGATCCAGTACGCCGATTATGCCGTG
TGGCAGCGCGATTGGATGGAGGCGGGTGAGCAGGCGCGTCAATT
GGCCTACTGGCGTGAGCAATTGAGCGGCGAGCARACCGGTGCTGG
AGTTGCCGTTCGACCACCCGCGCCCGGCACAGCCAAGCCATCGC
GGCGCACGCTTGGGTATCGAGTTGCATCCGGAGTTGTTGGGCAG
TTTGCGCGCGCTGGCGCAGCACGCTGGCGTCACGCTGCCGATGC
TGCTGCTGGCGTCTTACCAGGCATTGCTGCATCGCTACAGCGGC
CAGGAAGATGTGCGCGTGGGCGTGCCGATTGCCAACCGTAATCG
CCTGGAAACCGAGGGGTTGATCGGCTTCTTCGTCAACACCCAAG
TGCTCAAGGCCGATATCCACGGGCAAATGAGCACCGAGCAATTG
CTGCACCAGGTGCGTCAGCGTTCCCTCGAGGCCCAGGCTCACCA
GGACCTGCCGTTCGAACAGCTTGTGCAGGCATTGCAACCGGAGC
GCAGCCTGAGCCTGAGCCCGTTGTTCCAAGTGTTGTTCAACCAC
CGTGTGAGCGCTGCCGACAGCCACCTGCATCGCCTGGCCGACCT
GCACGTCGAAGTCCTGGATTTGGACGAGGGCGTGGCCCAGTTCG
ACCTGGCGCTGGATGTGGAAGAAAGCCCGACGGCCCTGCGTGCC
TCCCTGAGTTATGCCACCGACCTGTTCGCCGTGGCGACCATCGA
GCGCATGGCCGGGCATTGGCAGAACCTGTTGCGGGCAATGGTGG
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TCGACCCACAGCAGCCCATTAGCCAATTGAGCCTGCTGGGCGAG
GATGAGCAACAGCAGATTCTTGAATTGTGGAACCAGACCGACGC
CGGTTTTTCAGCCGAGCGCCTGGTGCACGAATTGGTCGGTGATC
GCGCCCGGGAAACCCCGGACGCGGTGGCGGTGAAATTCGATGCT
CAAACCCTGAGTTACGGCGAGCTGGATCGTCAGGCCAACCGCCT
GGCCCATGCCTTGATCGCCCGTGGCGTCGGCAGGGAAGTGCGGG
TGGCCATCGCCATGCCGCGCAGTGCCGAGAGCATGGTGGCGTTC
CTGGCGGTGATGAAAGCCGGCGGTGTGTATGTGCCGCTGGATAT
CGAATACCCACGTGATCGCCTGCTGTACATGATGCAAGACAGCC
GTGCGCAACTGCTGCTGACTCACAGCCGGGCGCTGCAGCAACTG
CCAGTCCCCGAGGGCCTGGAGACCCTGGCGATTGATCGCACCGA
AGAGTGGGCCGGTTACAGCGATACGGCACCGGATGTGGCGCTGG
ACGGCGACAACCTTGCCTACGTGATCTATACCTCCGGCTCCACC
GGTTTGCCCAAGGGCGTGGCGGTGTCACACGGGCCGCTGGTGGC
GCATATCATCGCTACCGGCGAGCGCTATGAARCCTCACCGGCCG
ATTGCGAACTGCACTTCATGTCCTTCGCCTTCGACGGTTCCCAC
GAAGGCTGGATGCACCCGCTGATCAACGGCGCCAGCGTGTTGAT
CCGTGACGACAGCCTGTGGCTGCCGGAATACACCTACGAGCAGA
TGCACCGCCACAACGTGACCATGGCGGTGTTCCCACCGGTGTAC
TTGCAACAGTTGGCCGAACATGCCGAGCGCGACGGCAACCCGCE
GGCGGTGCGGGTGTATTGCTTCGGCGGTGATGCCGTTGCTCAAG
CCAGCTATGACCTGGCCTGGCGCGCGCTGAAACCCAAGTACCTG
TTCAACGGCTATGGCCCGACGGARACCGTGGTTACACCGTTGTT
GTGGAAGGCCCGCARAGGCGATCCCTGCGGCGCTGTCTATGCGC
CCATCGGCACCTTGCTGGGCAACCGCAGTGGCTACGTGCTGGAT
GCGCAACTGAATCTGCAACCCATCGGCGTGGCCGGCGAGTTGTA
CCTGGGCGGCGAGGGCGTGGCCCGGGGTTACCTGGAGCGTCCGG
CACTGACTGCCGAGCGTTTCGTACCGGACCCGTTCGGCARACCG
GGCAGCCGCGTGTATCGCAGCGGCGACCTGACCCGTGGGCGTCC
GGATGGCGTGGTGGATTACCTGGGGCGTGTGGACCATCAAGTGA
AGATCCGCGGTTTTCGTATCGAACTGGGGGAAATCGAAGCGCGT
CTGCGTGAGCAAGCCAGTGTCGGTGAAACCGTGGTGGTGGCCCA
GGAGGGGCCGACCGGTAAGCAACTGGTGGCCTATGTGGTACCGG
CCGACGCCAGCCTGGCCGACCCGGTTGAGTTCCGTGACGCCCTG
CGTCGTGCCCTGARAGCCGACCTGCCGGACTACATGGTGCCCAG
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CCACTTCGTATTCCTGGCGCAGATGCCGCTGACCCCCAACGGCA
AGCTCGACCGCAAGGGCCTGCCGCTGCCGGATGCGAGCCAGATG
CAGCAGCAGTACCTGGCTCCGCAAACCGAGCTTGAGCAGCAGAT
CGCCACGATCTGGGCCGACATCCTGCACCTGCCGCAAGTGGGCC
TGAACGACAACTTCTTTGACGTCGGTGGCCACTCCTTGCTGGCG
ATCCAGATTACCTCGCGGGTGCAGGCCGAGCTCGGCCTGGACGT
ACCGTTGATGGAACTGTTICCAGACCGAATCGCTGCGCGCCTACG
TGCAGGCCGCAGCCACTTTCCGCGCCGGCAGCGTGGAAGATTTT
GATGACCTTCGTGACTTTTTGAGCGAACTAGAGGCGATTTGA

53

Autolytic factor
Leukotoxin amino
acid
(PROKKA_04470)

P. fluorescens

MTGGEHFENLVPGTTPVNTTVTDTPGTDNTTTVTLTAPSAVNEG
GQITYTATLSNKAGTDVILKLDNGSSITIKAGETVGTVTVPAPT
DDVFIDKSTQTVKITETTGGNFEKLEVAGNGATTTINDTIDKVD
VVLTATTTVGEGGNIVYTASLVDKNGAPVTINITNPLTVTLDNGQ
TITIGVNQSSGSITTIAPDDVYKGDOQTVTTAIKGVTGGEHFENL
VPGTTPVNTTVIDTPGTDNTTTVTLTAPAEANEGGQITYTATLS
NKAGTDVTLKLDNGSSITIKAGDTVGTIVTVPAPSDDVFEIDKSTO
TVKITDASGGNFEKLEVAGNGATTTINDTIDKVDVVLTATTTVG
EGGNIVYTASLVDKNGAPVINITNPLTVTLDNGKTITIGVNQSS
GSVSVLAPDDVYKGDQTVTTAIKGVTGGEHFENLVPGTTAVNTT
VIDTPGTDNTTTIVILTAPSAVNEGGQITYTATLSNKAGTDVTLK
LDNGSSITIKAGETVGTVTVPAPTDDVEIDKSTQTVKITDASGG
NFEKLEVAGSGATTTINDTIDKVDVVLTATTTVGEGGNIVYTAS
LVDKNGAPVTINITNPLTVTLDNGKTITIGVNQSSGSVSVLAPDD
VYKGDQTVTTAIKGVTIGGEHFENLVPGTTPVNTTVTDTPGTDNT
TTVILTAPSAVNEGGQITYTATLSNKAGTDVTLKLDNGSSITIK
AGETVGTVTVPAPTDDVEIDKSTQTVKITETTGGNFEKLEVAGN
GATTTINDTIDKVDVVLTATTTVGEGGNIVYTASLVDKNGAPVT
NITNPLTVTLDNGKTITIGVNQSSGSITTVAPNDVYKGDQTVTT
ATKGVIGGEHFENLVPGTITAVNTTVTIDTPGSTDLTTVTLTAPTA
VNEGGQITYTATLSNKAGSDMLVQLDNGSSITIKQGETVGTVTV
PAPTDDVFIDKSTQTVKITGTTGGNFEGVTITPAGATTTINDTI
DDVIVVLKATGSVSEGGQIVYTASLVDKNGVAVNNVGSDLVVKL
DNGSTITIGNGKSTSETTATAPNDAYVGANDVTTKITGVVSGGD
KYEHLIVDGSTVVTKVTDVVSNTTISITGDASVTEGGTAHYTLT
LSNPPOTDVIVILKYSGTATDGSDENGVYTVKIPAGSSSVPEDI
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RTLDDKITEPTENIVITIDKTTGGNFENLVVGNGSVTTNIIDND
APPVIDLDANNSSGASGADFKTTFTEGGTGVSIADTDIKITDPD
STOLTGATVVLINSQPGDSLNEFSGVSGITVTPTTDPYTGKITLT
LTGTASLADYMQQIKNITFTNNSHDPSTTPRTITVIVTDGGNYS
NVATTTVNVVAVNDAPVATGGAVTGTEDTALALTWANFGVSDVD
SPOASLGVKITELPVAGKLOQYLAADGSTWINVTSGQTEFTKAQID
GGQLRFTPNANESGADGYGGTGVGNKQADYAQFKFQPTDGKDLG
TSATVKVDITPVADAPTLSVADNNVASTGLVKQGWNS IAGLGNN
GNGAAPDVLKKAIDNAGTPNNTSVVTNVESVDNVAAGSGSKISG
LIYMEAGKSYTFSGIADDSVVVNVGGKDVASGLWGTNSGKESGS
FIPTTTGYYSLEIYQANQAGPGSFDVNLSINGGAVONLSTSTVP
LYTGLTDLTNAGVIVSDLHGSNGDGYYVGYKLNEGQENGTVKLS
KVTTALTDTDGSETLSVKISGIPAGSVLTDASGHTFTAGKTVGE
VNVIGWDLNTLTIKPPTYYSGQFNLTVTSTSTESIGGSATTTAQ
LEPVIVHPATYNSVTIGTSGSDTINGSDGNDIVVADIAGLNVVQGK
NYNIAFMVDSSGSMSVASLDAAKASLTSVENSLKDSLGANTSGT
VNIFLADFDSQVKKSVAINLNDPNALTQLKAVLDSMASGGGTNY
EDVFKATANFFOSDLATKNTGATNLTYFITDGKPTYHQSGEQIN
PVVIDEYDFRTTDGRLDDYISANNYVLGNTEFSINVNGANLQLID
SOGOLHOWKOTFLGGWYDNGVIGTVHAQGDGTFEVSYLDGSGSS
TTTATINNANSGFALLKGLSAVEAIGINGDISLDDLKPYDTDGK
POTNIDPKDLANATILGHTEATLPGADTVSGGDGNDILEFGDLVSE
SGINGEGYNALQAFVAQKTGVAVSAVTASNVHQYVTEHYVDEDV
SGAKDAGDTLLGGAGDDILFGQGGNDTLDGGKGNDILLGGTGND
TLIGGOGNDILIGGSGADTEFVWKSGDIGNDVIKDFKASEGDRID
LRDLLKGETDSTIDNYLKITTVDGYSTLQVSSEGKLNAAGGLAN
ADVTIKLEGNDWSHTSINSLISGADPTIKIDHT

54

Autolytic factor
Leukotoxin example
nucleic acid
encoding SEQ ID
NO: 53

ATGACCGGCGGCGAGCACTTTGAAAATCTGGTTCCAGGTACTAC
CCCGGTTAACACCACCGTTACGGACACACCGGGTACCGATAACA
CCACCACCGTTACGCTGACAGCGCCAAGTGCCGTTAACGAAGGT
GGGCAGATTACGTACACCGCAACGCTTTCCAATAAAGCGGGCAC
TGATGTCACGCTGAAGTTAGATAACGGTTCGTCGATCACCATCA
AGGCCGGCGAAACCGTCGGCACCGTGACTGTCCCTGCGCCTACC
GATGACGTGITTATCGATAAGAGCACCCAGACCGTCAAGATCAC
CGAAACCACTGGCGGCAACTTCGAAAAACTCGAAGTGGCAGGAA
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ACGGCGCAACCACCACGATCAACGACACCATCGACAAAGTCGAT
GTGGTCCTGACCGCCACTACCACCGTCGGCGAAGGCGGCAATAT
CGTCTACACCGCCAGCCTTGTGGATAAGAACGGCGCACCGGTGA
CCAACATCACCAATCCGCTGACCGTGACATTGGATAACGGCCAG
ACCATCACTATTGGCGTAAACCAGTCGAGCGGTTCTATCACCAC
CATCGCGCCAGACGATGTCTACAAAGGCGACCAGACCGTCACTA
CCGCCATCAAAGGCGTGACCGGCGGCGAGCACTTTGAAAATCTG
GTTCCAGGTACTACCCCGGTTAATACCACCGTTACGGATACACC
AGGCACTGACAACACCACTACGGTGACGCTGACCGCTCCGGCCG
AGGCAAACGAAGGTGGGCAGATCACGTACACCGCCACGCTTTCC
AACAAAGCGGGCACTGACGTAACGCTGAAACTCGACAACGGTTC
TTCGATCACCATCAAGGCTGGCGACACTGTTGGCACTGTGACTG
TGCCCGCTCCAAGCGATGACGTGTTCATCGATAAAAGTACCCAG
ACCGTCAAGATTACTGACGCTTCCGGCGGCAACTTCGAAAAACT
CGAAGTCGCAGGTAACGGCGCAACGACCACGATCAACGACACCA
TCGACAAGGTGGATGTAGTTCTAACTGCTACCACTACCGTCGGC
GAAGGCGGCAACATCGTCTACACCGCCAGCCTTGTGGATAAGAA
CGGCGCGCCGGTGACCAACATCACCAACCCGCTGACCGTGACAT
TGGATAACGGTAAAACCATCACCATCGGCGTAAACCAATCGAGC
GGTAGCGTTICGGTTCTTGCTCCTGATGATGTGTACAAGGGCGA
CCAAACTGTCACCACCGCTATAAAGGGTGTGACCGGCGGCGAGC
ATTTCGAGAACCTGGTGCCTGGCACTACGGCAGTGAACACCACT
GTCACCGATACCCCCGGTACCGACAACACCACCACTGTGACGCT
GACAGCGCCAAGTGCCGTTAACGAAGGTGGTCAGATCACTTACA
CCGCGACCTTGAGCAACAAGGCCGGTACTGACGTCACCTTGAAG
CTGGATAACGGCTCTTCGATCACCATCAAAGCTGGCGAGACCGT
CGGTACTGTGACCGTGCCTGCGCCTACCGATGACGTGTTCATCG
ATAAGAGCACTCAGACCGTCAAGATCACCGACGCTTCGGGCGGT
AACTTCGAAAAACTGGAAGTTGCAGGCAGCGGCGCGACCACTAC
GATCAACGACACTATCGACAAGGTCGATGTGGTCCTGACCGCCA
CCACCACCGTCGGCGAAGGCGGCAACATCGTTTACACCGCCAGC
CTCGTGGATAAAARACGGCGCACCGGTGACCAACATCACCAATCC
GCTGACCGTGACCCTGGATAACGGCAAGACCATCACCATCGGCG
TAAACCAATCGAGCGGTAGCGTTTCGGTTCTTGCTCCGGATGAT
GTGTACAAGGGCGACCAAACTGTCACCACCGCTATCAAGGGTGT
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GACCGGCGGCGAGCACTTTGARAATCTGGTTCCAGGTACTACCC
CGGTTAACACCACCGTTACGGACACACCGGGTACCGATAACACC
ACCACCGTTACGCTGACAGCGCCAAGTGCCGTTAACGAAGGTGG
GCAGATTACGTACACCGCAACGCTTTCCAATAAAGCGGGCACTG
ATGTCACGCTGAAGTTAGATAACGGTTCGTCGATCACCATCAAG
GCCGGCGAAACCGTCGGCACCGTGACTGTCCCTGCGCCTACCGA
TGACGTGTTTATCGATAAGAGCACCCAGACCGTCAAGATCACCG
ARAACCACTGGCGGCAACTTCGAAAAACTCGAAGTGGCAGGAAAC
GGCGCAACCACCACGATCAACGACACCATCGACAAAGTCGATGT
GGTCCTGACCGCCACTACCACCGTCGGCGAAGGCGGCAACATCG
TCTACACCGCCAGCCTTGTGGATAAGAACGGCGCACCGGTGACC
AACATCACCAATCCGCTGACCGTGACCCTGGATAACGGCAAGAC
CATCACCATCGGTGTGAATCAGTCGAGCGGTTCCATCACCACCG
TAGCGCCAAACGACGTCTACARAGGCGACCAAACCGTCACCACC
GCCATCAAAGGCGTGACCGGCGGCGAGCACTTCGAGAACCTGGT
GCCGGGCACGACGGCGGTGAACACCACCGTCACCGACACACCAG
GCTCCACCGACCTGACCACCGTTACCCTGACTGCCCCGACCGCG
GTCAACGAAGGCGGCCAGATCACCTACACCGCCACCTTGAGCAA
CAAGGCCGGTAGCGACATGCTGGTCCAGCTCGACAACGGTTCGA
GCATCACTATCAAGCAAGGTGAGACCGTGGGCACGGTGACCGTC
CCGGCGCCTACCGATGACGTGTTCATCGACAAGAGCACCCAGAC
CGTCAAGATCACCGGCACCACCGGCGGCAATTTCGAGGGCGTGA
CCATCACACCTGCGGGCGCCACGACCACCATCAACGACACCATC
GATGACGTGACCGTGGTACTCAAGGCCACTGGCTCGGTCAGCGA
AGGCGGGCAGATCGTGTACACCGCGTCCCTGGTCGACAAGAACG
GTGTGGCGGTGAACAACGTTGGCTCAGACCTGGTCGTCAAGCTG
GATAACGGCTCGACCATTACCATCGGCAATGGCAAGTCCACCAG
CTTCACCACCGCCACCGCACCTAACGATGCGTATGTCGGCGCCA
ATGACGTCACCACTAAAATCACGGGTGTGGTCAGCGGTGGCGAC
AAGTACGAACACTTGATCGTCGACGGCAGCACCGTGGTTACCAA
AGTGACCGATGTGGTCAGCAACACCACCATCAGCATTACCGGCG
ATGCGTCGGTGACTGAAGGCGGTACGGCGCACTACACGCTGACC
CTGAGCAACCCGCCGCAAACCGACGTGACCGTGACGCTCAAGTA
CAGCGGCACCGCTACCGACGGTTCAGACTTCAATGGCGTGTACA
CCGTGAAGATTCCGGCAGGCTCCAGCAGCGTACCGTTTGATATC
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CGCACGCTCGACGACAAGATCACCGAGCCGACGGAAAATATCGT
CATCACCATCGACAAGACCACTGGCGGCAACTTCGAAAACCTGG
TGGTCGGCAATGGCAGTGTTACCACCAACATCATCGACAATGAT
GCGCCGCCGGTCATCGATCTGGATGCCAACAACTCCAGCGGCGC
CAGCGGTGCGGACTTCAAGACCACCTTCACCGAAGGCGGCACCG
GTGTGTCAATTGCTGACACTGACATTAAGATCACCGACCCGGACL
AGCACCCAACTGACCGGCGCCACCGTGGTATTGACCAACAGCCA
GCCAGGCGACTCGCTGAACTTCAGCGGCGTGAGCGGCATCACCG
TGACCCCGACTACCGACCCTIGTGACCGGTAARATCACCTTGACC
CTGACCGGGACGGCGTCGCTGGCCGACTACATGCAGCAGATCAA
GAACATCACGTTCACCAACAACAGCCACGACCCGAGCACCALCGC
CGCGCACCATCACCGTGACGGTGACCGATGGCGGCAACTACTCC
AACGTGGCTACCACCACCGTCAACGTGGTAGCAGTCAACGATGC
ACCAGTGGCCACTGGCGGTGCCGTGACCGGTACGGAAGACACCG
CGCTGGCCCTGACCTGGGCCAACTTCGGCGTGAGCGATGTGGACL
TCGCCACAAGCCAGCCTCGGGGTGAAAATCACCGAGCTGCCGGT
AGCCGGCAAGCTGCAATACCTGGCGGCGGACGGCAGCACCTGGA
CCAACGTGACCAGCGGCCAGACCTTTACCAAGGCTCAGATCGAT
GGCGGCCAACTGCGCTTTACGCCGAACGCCAACGAGTCCGGLGC
CGACGGTTATGGCGGCACTGGCGTGGGTAACAAGCAGGCGGATT
ACGCGCAGTTCAAGTTCCAACCAACCGATGGCAAGGACCTGGGT
ACCAGCGCCACGGTGAAAGTCGATATCACGCCGGTAGCCGACGC
GCCGACCCTGAGCGTGGCAGACAACAACGTTGCCTCCACCGGCC
TGGTCAAACAGGGCTGGAACAGCATTGCCGGCCTCGGCAACAAC
GGCAACGGCGCTGCACCGGACGTGCTGAAAANAGCCATCGATAA
CGCGGGCACGCCGAACAACACCTCGGTGGTGACCAACGTCGAGT
CTGTCGACAATGTCGCCGCCGGCTCTGGCTCAARAATCTCCGGC
CTGATCTACATGGAAGCCGGCAAGAGCTACACCTTCAGCGGCAT
CGCCGATGACAGCGTGGTGGTCAACGTTGGCGGTAAAGATGTTG
CCAGCGGTTTGTGGGGCACCAACAGCGGCAAGTTCAGCGGCTCG
TTCACGCCAACGACCACCGGTTACTACAGCCTTGAGATCTACCA
GGCCAACCAGGCGGGCCCAGGCAGCTTCGACGTTAACCTGTCGA
TCAACGGCGGGGCGGTGCAGAACCTGAGCACCAGCACCGTGCCG
TTGTACACCGGCCTTACCGACCTGACCAACGCCGGCGTCACCGT
ATCCGACCTGCATGGCAGCAACGGTGACGGCTACTACGTGGGCT
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ACAAGCTCAACGAAGGCCAGGAAAACGGCACGGTCAAACTGTCC
AAGGTCACCACCGCGCTGACCGATACCGACGGCTCCGAAACCCT
GAGCGTAAAGATCAGCGGCATTCCGGCAGGCTCGGTGCTTACCG
ACGCGTCGGGGCACACCTTTACTGCGGGTAARACCGTGGGCGAA
GTGAATGTCACCGGCTGGGACCTGAACACCCTGACCATCAAGCC
GCCGACCTACTACAGCGGCCAGTTCAACCTGACGGTCACCTCGA
CTTCCACCGAGAGCATCGGCGGTTCAGCGACCACCACCGCGCAA
TTGCCAGTCACGGTGCATCCGGCGACCTACAATTCGGTCACCGG
CACCTCGGGCAGCGACACCATCAATGGCAGCGATGGCAACGACA
TCGTCGTGGCCGACATCGCCGGCCTGAACGTGGTGCAGGGTAAG
AACTACAACATCGCGTITCATGGTGGACAGCTCCGGCAGTATGAG
CGTCGCCTCGCTCGACGCGGCGAAGGCCTCGTTGACTTCGGTGT
TCAACTCGCTCAAGGACAGCCTGGGCGCCAACACATCGGGGACC
GTGAATATCTITCCTGGCGGACTTTGATAGCCAAGTGAAARAGTC
GGTGGCTATCAACCTCAACGATCCTAATGCATTGACTCAGCTGA
AAGCGGTGCTGGACTCGATGGCATCGGGAGGAGGTACTAACTAC
GAAGACGTGTITCAAGGCCACTGCCAACTTCTTCCAGAGCGACCT
GGCGACCAAAAACACCGGTGCAACCAACTTGACGTACTTCATCA
CCGACGGCAAGCCGACCTACCACCAGAGCGGCGAGCAGATCAAL
CCGGTAGTGACTGACTTCTACGACTTCCGCACCACCGATGGGCG
CTTGGACGACTACATCAGTGCGAACAACTATGTGCTGGGTAACA
CGTTCAGCATCAACGTCAATGGCGCTAACCTGCAGTTGATCGAC
AGCCAGGGCCAACTGCACCAATGGAAGCAGACGTTCCTGGGTGG
CTGGTACGACAACGGCGTCATAGGTACCGTGCACGCCCAGGGTG
ACGGGACTTTTGAAGTCTCCTACCTCGACGGCTCCGGTAGTAGC
ACCACCACCGCGACCATTAACAACGCCAACAGCGGTTTTGCACT
GCTCAAAGGTTTGTCGGCGGTGGAAGCAATCGGCATCAACGGCG
ACATCAGTCTCGACGATCTCAAGCCGTACGATACCGATGGCAAG
CCGCAAACCAACATCGATCCGAAGGACCTGGCCAACGCTATCCT
CGGCCACACCGAGGCGACGTTGCCGGGCGCGGACACCGTCAGCG
GTGGCGACGGCAACGACATCCTGTTCGGCGACCTGGTGAGTTTC
AGCGGGATCAATGGCGAGGGTTACAACGCACTGCAGGCCTTTGT
CGCACAGAAGACCGGCGTGGCTGTCTCGGCAGTGACTGCCTCTA
ACGTTCACCAGTACGTCACCGAGCACTATGTGGACTTCGACGTC
TCCGGCGCCAAAGATGCCGGCGACACACTGTTGGGCGGCGLTGG
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CGATGACATCTTGTTCGGCCAAGGCGGCAACGACACGCTCGATG
GCGGCAAAGGCAATGACATCCTGCTGGGTGGCACGGGTAACGAL
ACGTTGATTGGCGGCCAGGGCAACGACATCCTGATCGGTGGCTC
GGGTGCCGACACCTTTGTGTGGAAGTCTGGCGACATCGGCAACG
ATGTGATCAAGGACTTCAAGGCGTCCGAAGGCGACCGCATTGAC
CTGCGTGATTTGTTGAAAGGTGAAACCGACAGCACCATCGACAA
CTACCTCAAGATCACCACGGTAGACGGCGTGTCGACCCTGCAAG
TGAGCAGTGAAGGCAAGCTCAACGCCGCCGGTGGCTTGGCCAAT
GCCGATGTGACGATCAAGCTGGAAGGCAACGACTGGTCCCACALC
CAGCATCAACTCGCTGATCAGTGGTGCCGACCCGACCATCAAGA
TCGACCACACTTAA

55

Autolytic factor
Hemolysin
transporter protein
ShIB precursor
amino acid
(PROKKA 00510;
RXF07570)

P. fluorescens

MSLFLPRTWLLLGVCLLTGFALNSASAAPTPGDODLIRDRONRL
LEEQORRLEELKDLPGNEAKPVAPAAPVNTRCFPIKDIELKGAD
SLPAADRERLLKPYIGQCLGVSQLNELLKAITDYYIDKGLVTSR
AYLPQODLSKGHLOQVLVVEGKLEGLKGADNSKLSDRELAMAFPG
KNGDLLNLREIEQATIDQLNRLPSNQAQMELTPGDAVGGSSVLVK
NNPOKPWRASLSRNNDGOKSTGEQOWGTGFEWDSPLGLADQLIL
RGGHDAISDHOKTSKNVLLYYNVPWGWWNESYSYNQSDYRSVAQ
ADTYNFKQSGDSONHQLRAERVIHRDAVSKTSVNVGLSHLRTNN
YIEDSRLDVSSNRLSELQLGINHGRRIGSAFVNIDLGVONGIGA
FDAQRNDQORDQRGNLTPTPDYRKYTATVSYLOQPFTLWGESESE
TSLATGQRSEDVLESPQRMSLGGSSSIRGEFKDQQLTGDSGGYWR
NDLRWARPVIWDWMRPVFAEYGASVGYDQGVIRNDRYNGEVHGR
VSSNSLELFARGKYVSTSVIFAHSLERPAVLTEREAPIYFRMGE
FL

56

Autolytic factor
Hemolysin
transporter protein

ShIB precursor

example nucleic acid

encoding SEQ ID
NO: 55

ATGTICITTATTCCTGCCACGGACTTGGCTGCTACTTGGCGTCTG
CCTGCTGACTGGCTTCGCGCTGAACAGCGCGTCGGCTGCACCTA
CGCCCGGCGATCAGGACTTGATCCGCGACCGGCAAAATCGCCTG
CTGGAAGAACAACAGCGGCGTCTTGAAGAGCTCAAGGATTTGCC
CGGCAACGAGGCCAAGCCCGTCGCTCCCGCCGCTCCAGTGAACA
CCCGTTGCTTCCCCATCAAAGACATCGAGCTCARAGGCGCCGALC
AGCCTGCCTGCCGCTGACCGCGAGCGCTTGCTCAAGCCCTATAT
CGGCCAGTGCCTGGGTGTGTCCCAGCTCAATGARCTGCTCAAGG
CCATCACCGATTACTACATCGACAAAGGCCTGGTCACCAGCCGA
GCTTACTTGCCGCAACAGGACCTGTCCAAGGGGCACCTGCAAGT
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GTTGGTGGTGGAAGGCAAACTCGAAGGTTTGAAAGGCGCCGACA
ACAGCAAGCTCTCGGACCGCGAATTGGCCATGGCCTTTCCCGGG
AAANACGGCGACTTGCTGAACCTGCGAGAAATCGAGCAAGCCAT
CGACCAACTCAACCGCTTGCCATCCAACCAGGCGCAAATGGAGC
TGACGCCAGGTGATGCCGTTIGGCGGCAGTTCGGTGCTGGTGAAR
AACAACCCACAGAAGCCTTGGCGCGCCAGCTTGTCGCGCAATAA
CGACGGCCAGAAAAGCACCGGCGAACAGCAATGGGGTACCGGGT
TTGAATGGGACAGCCCATTGGGCCTGGCCGATCAACTGATTCTG
CGCGGCGGCCACGACGCCATCAGTGACCACCAGAARACCTCGAA
AAACGTGTTGCTTTACTACAACGTGCCCTGGGGCTGGTGGAACT
TCAGCTACAGCTACAACCAGAGCGATTACCGCTCGGTTGCTCAG
GCCGACACCTACAACTTCAAGCAAAGCGGCGACAGCCAGAACCA
CCAACTGCGCGCCGAACGTGTGATCCACCGCGACGCTGTAAGTA
AGACCTCGGTTAACGTCGGCCTATCCCACCTGCGCACCAACAALC
TACATCGAAGACAGCCGTICTGGACGTCAGCAGCAATCGCTTGAG
CGAACTGCAACTGGGCATCAACCACGGGCGACGGATCGGCAGTG
CCTTCGTCAACATCGACCTCGGTGTGCAGAACGGCATAGGTGCC
TTCGATGCCCAGCGCAACGATCAGCAGCGCGACCAGCGTGGCAA
CCTCACCCCCACCCCGGACTACCGCAAATACACCGCGACCGTCA
GCTATTTGCAGCCGTTICACGTTGTGGGGCGAGTCCTTCAGCTTT
ACCAGCCTGGCCACCGGGCAGCGCAGTGAAGACGTGCTGTTCAG
CCCTCAGCGCATGAGCCTGGGTGGTTCGTCGTCGATACGCGGTT
TCAAGGACCAGCAACTGACCGGCGACAGCGGCGGCTACTGGCGL
ARCGACCTGCGCTGGGCGCGCCCGGTGACCTGGGATTGGATGCG
TCCGGITTTTGCCGAATACGGTGCCAGTGTCGGTTACGACCAGG
GTGTGATTCGCAATGACCGCTACAACGGGGAAGTGCACGGTCGG
GTGTCGAGCAACTCGCTGGAGCTATTTGCCCGCGGCAAATACGT
CAGCACCAGCGTGACCTTTGCCCATTCCCTGGARACGACCGGCAG
TGCTGACCGAGCGCGAAGCGCCGATCTACTTCCGCATGGGTTTC
TTCCTGTAA

57

DegP2 example
nucleic acid
encoding SEQ ID
NO: 31

ATGTCGATACCACGTTTGAAGTCTTACTTATCCATAGTCGCCAC
AGTGCTGGTGCTGGGTCAGGCCTTACCTGCGCAAGCGGTCGAGT
TGCCTGACTTCACCCAACTGGTGGAGCAGGCCTCGCCTGCCGTG
GTGAACATCAGTACCACGCAGAAGCTGCCGGATCGCAAAGTCTC
GAACCAGCAGATGCCCGACCTGGAAGGCTTGCCGCCCATGCTGC
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GCGAGTTCTTCGAACGAGGGATGCCGCAACCACGCTCCCCCCGT
GGCGGCGGTGGCCAGCGCGAAGCCCAATCCCTGGGCTCCGGCTT
CATCATTTCGCCTGACGGCTATATCCTCACCAACAACCACGTGA
TTGCCGATGCCGACGAGATTCTCGTGCGCCTGGCCGACCGCAGT
GAACTCAAGGCCAAGCTGATTGGCACCGATCCACGTTCCGACGT
GGCCTTGCTTAAAATCGAGGGCAAGGACTTGCCGGTGCTTAAGC
TGGGCAAGTCCCAGGACCTGAAGGCCGGTCAGTGGGTGGTCGCG
ATCGGTTCGCCGTTCGGCTTTGACCACACCGTTACCCAAGGCAT
CGTCAGCGCCATCGGTCGCAGCCTGCCGAACGARARCTACGTAC
CGTTCATCCAGACCGACGTGCCGATCAACCCGGGTAACTCCGGT
GGCCCGCTGTTCAACCTGGCCGGCGAAGTGGTGGGGATCAACTC
GCAGATCTACACCCGCTCCGGCGGCTTCATGGGCGTGTCTTTCG
CGATCCCAATCGATGTGGCCATGGACGTCTCCAATCAGCTCAAA
AGCGGCGGCAAGGTCAGCCGCGGCTGGTTGGGCGTGGTAATCCA
GGAAGTGAACAAGGACCTGGCTGAGTCCTTCGGTCTCGACAAGC
CGGCCGGTGCCCTGGTTGCGCAGATTCAGGACAATGGCCCTGCG
GCCAAAGGCGGCCTGAAAGTCGGTGACGTCATCCTGAGCATGAA
CGGCCAGCCGATCATCATGTCGGCAGACTTGCCTCATTTGGTCG
GCGCGCTCAAGGCCGGCGGCAAAGCCAAGCTGGAAGTGATTCGT
GATGGCAAGCGCCAGAACGTCGAACTGACCGTAGGTGCCATCCC
GGAAGAAGGCGCGACCCTGGATGCCCTGGGCAACGCCAAGCCCG
GTGCCGAGCGCAGCAGTAACCGCCTGGGTATCGCCGTGGTTGAA
CTGACCGCCGAGCAGAAGARAAACCTTCGACCTGCAAAGCGGTGT
GGTGATCAAGGAAGTTCAGGACGGCCCAGCCGCCTTGATCGGCC
TGCAACCGGGTGACGTGATCACTCACTTGAACAACCAGGCAATC
GATACCACCAAGGAATTCGCCGACATCGCCAAGGCGTTGCCGAA
GAATCGCTCGGTGTCGATGCGCGTCCTGCGTCAAGGCCGTGCCA
GCTTCATTACCTTCAAGCTGGCTGAGTAA

58

ShyA

Vibrio cholera

MISKSIILRFSELSMRKKVTLVGLPLLAVAATISSSLNSPTROOR
IELSLPESPLVQFSSAEHTVEVVKVGHPDYEYEIKPGDNLSTIF
NOLGFAYTELMKVMETDLNYLALDTLRPGNVLREWKGSDNTLAK
MELEFSLVDRAVYTRLNDGSYEFEERKIPGTWKVEPLIGEVDGS
FSLSANRAGLGAADVDQIVTLLKDKINFGRDLRRGDREEVVLSR
QLVGEKLTGNSEIQAIKIFN
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RGKEITAYLHQODGQYYDKNGDSLORAFQRYPVDSKWRISSNFDP
RRLHPVTKRVAPHNGTDFAMPIGTPVYTSGDGVVVMTRNHPYAG
NYVVIQHGNTYMTRYLHLSKILVKKGOKVSRGORIGLSGNTGRV
TGPHLHYELIVRGRPVNAMKANIPMASSVPKKEMAQFIAKRKEL
DOMLARQESMLAAQ

59 Shine Dalgarno AGGAGG
ribosome binding
sequence
60 DsbC amino acid MRLTQITAAAATALVSTFALADDAAEQTIRKSLANLALDTPIES
(R3$03307; ISASPMAGLYEVKLKGSRVLYASADGQYIVQGYLFQLKDGKPVN
PROKKA 03627) LTEKAERLGVSKLINGIPVAETVVYPAIGETKTHITVETDTTCP
P. fluorescens YCHKLHAEIPALNKLGVEVRYVAFPROQGLGSPGDEQLQAVWCSA
DKKAAMDKMVDGKE IKSAKCANPVSKQFALGOSIGVNGTPAIVL
ADGQVIPGYQPAPQVAKLALGAK
61 RXF04495.2 KO GCTTGACGCTGCTGGGCACCGGTGATGCGCGGCAGGTTCCGGTG

homology arm

CATGGCTGCGAGTGTGCTGCGTGCGGGTTGGCGCGCAGTGATCA
AAGCCGCCCCAGCCGCAGGTGCCGCGTAATCACAATGACCTGALC
GCTGGCGCTGCAGAGCATCGAAGACACCGGGGCGCAGTTGGEGE
GGGCTGACCCATGTGGGGCATACGTTGGATACGTGGTTGCTGGC
GCATCGTCATGAGTTGCCCCGACATGTCTCGGTAGGTTGGGACA
ATCGAGTCGTGTAAGGCGTGGCCTTGTTAGCAATCAGACAAGAR
GCTIGATGTICAGTTIGITTITTITCCAGTIGTIGTTTIGATTGTTTTT
CTGGATGTTTGAAGCGTGTCGCTTGATTGAGTCAAGTTTGTTGT
TTGCACTTTTTTTTCTTCGGTGGCATCAAGGTTTGAGAGTGCTT
GGGGGATGCGAGTATTCCACCTCGAATAARAACATGTGTGGTTTT
ATTACTIGCCATGTTTAATGGTGGGTTGTTGAAATGAAATGTGAG
CCCAGTCACTATTCGCTAACCCCCCCCGACAAGCCTGCCCAGGC
AGGCGTCTGTGTGCCAGGCAACGACCTCCCGTGGGGTTCTCAGT
CCAGGGAACCCCACGATTGCACTAGAACCTTTCTCTTACTTCTG
ACCGTATACGCGTGCGGCGCTGCGTGCCTGCTTATCAAGTGAGC
ATGGCTACTTTCAAGCCACGTTCATGTCGTIGTTTTTTTCACCAA
ACTATCAGGGGTTGGTGATGCCTTCCGGTTTTTTCAGTTATTCA
ARACTCCCGTTGACTCACTCACTGGGTTTATTGCCTGTGCGTTA
TTCATGTTCCCGTTTCAGAGGTGTCGGACTGATCGCCTGTTGCA
GTGCATTGAATGACTCATGTGCGGCAGACGGAAGTCGCTGTATG
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TGGAATGCTGATTTTTTCCTTCATGTTCTATTCTATTGTTCGCC
ATTCAAGTTGGTAGTCGCCTGGGGGACGTGARAARATATGAGGGT
GGATGCATATTCAATTGCGTICTCAGG

62

DegP (HtrA) amino
acid

(UniProtKB -
POCOV0)

E. coli K12

(leader underlined at
1-26; DegP protein
is 27-474; catalytic
triad amino acids
with/without leader
at H131/105,
D134/108,
$236/210, in bold)

MKKTTLALSALALSLGLALSPLSATAAETSSATTAQOMPSLAPM

LEKVMPSVVSINVEGSTTVNTPRMPRNFQOQFEFGDDSPEFCQEGSP
FOSSPFCOGGOGGNGGGQOOKFMALGSGYIIDADKGYVVTNNHYV
VDNATVIKVQLSDGRKFDAKMVGKDPRSDIALIQIQNPKNLTAT
KMADSDALRVGDYTVAIGNPFGLGETVTSGIVSALGRSGLNAEN
YENFIQTDAAINRGNSGGALVNLNGELIGINTAILAPDGGNIGI
GFAIPSNMVKNLTSOMVEYGQOVKRGELGIMGTELNSELAKAMKYV
DAQRGAFVSQVLPNSSAARKAGIKAGDVITSLNGKPISSFAALRA
QVGTMPVGSKLTLGLLRDGKQVNVNLELQQOSSONQVDSSSIEFNG
IEGAEMSNKGKDQGVVVNNVKTGTPAAQIGLKKGDVIIGANQQOA
VKNIAELRKVLDSKPSVLALNIQRGDSTIYLLMQ

63

MepM amino acid
(alternative name
YebA)

POAFS9

E. coli

MQOOIARSVALAFNNLPRPHRVMLGSLTVLTLAVAVWRPYVYHRD
ATPIVKTIELEQNEIRSLLPEASEPIDOAAQEDEATIPODELDDK
IAGEAGVHEYVVSTGDTLSSILNQYGIDMGDITQLAAADKELRN
LKIGOQOLSWTLTADGELQRLTWEVSRRETRTYDRTAANGFKMTS
EMOOGEWVNNLLKGTVGGSFVASARNAGLT SAEVSAVIKAMOWQ
MDFRKLKKGDEFAVLMSREMLDGKREQSQLLGVRLRSEGKDYYA
IRAEDGKEFYDRNGTGLAKGFLRFPTAKQFRISSNFNPRRTNPVT
GRVAPHRGVDFAMPQGTPVLSVGDGEVVVAKRSGAAGYYVAIRH
GRSYTTRYMHLRKILVKPGQKVKRGDRIALSGNTGRSTGPHLHY
EVWINQOAVNPLTAKLPRTEGLTGSDRREFLAQAKEIVPQLRED

64

MepM2
WP _153670715.1
E. coli

MPRLLAPLLALSLLLLAGGAQASYITRTLNKPVPGGVAVVDLGP
AASAPSARFDGKPVLVVKEQDNWLATIVGIPLTQKPGTAVLSOGG
RTLPFTVGSKKYPEQRITLKNTROVNPNPADLKRIDRELAEQIK
AYRSFSPTLPSNLILDKPVSGPLSSKFGVRREFFNGEERNPHAGL
DFAVPAGTPIKTPANGKVILVGDYFENGRTVEVDHGOGFISMEC
HMSKIDVQVGQQLRRGEVVGRVGS TGRATGPEMHWNVSLNDARV
DPA

65

MepM1

MTNEPTKAPPLYPKSHLLAASGIAALLSLALLVFPSSEVEAKKT
TLNLELESPAEQLKQOETTQADVREETTASPFAQIDTAPAPTEE
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AOAODIMS539

Pseudomonas Putida

TAKTEPTPTAEPAKDPSHREVTVARGDTLSTLFAKVGLPANVVH
EVLASNKQAKQFSOLKHGOVLEIELDKDGQLASLHSKVSDLETI
RLTKGDKGYAFNREITKPVVRSAYVHGVIKSSLSASAQRAGLNH
SLTMDMARIFGYDIDFAQDIRQGDEFDVIYEQKVVNGKVVGNGN
ILSARFTNRGKSFTAVRYTNKQGNTSYYTADGNSMRKAFIRTPV
DFARISSREFSAGRKHPILNKIRAHKGVDYAAPRGTPIKAAGDGK
VLLAGRRGGYGNTVIIKHGNTYQTLYGHMOGFAKGIKTGGTVKQ
GOVIGYIGTTGLSTGPHLHYEFQVNGVHVDPLGOKLPMADPTIAK
AERQRFLOQSQPLMARMEQEKATMLASAKR

66

MepMl1
PA0667
Pseudomonas

aeruginosa

MFPSSEVEAKRTTLNLELESNTDRLLOEKDDLLPQSVTNSSDEG
TPFAQVEGASDDNTAEQDSDKPGASVADADTKPVDPEWKT ITVA
SGDTLSTVFTKAGLSTSAMHDMLTSSKDAKRFTHLKVGQEVKLK
LDPKGELQALRVKQSELETIGLDKTDKGYSFKREKAQIDLHTAY
AHGRITSSLEVAGRNAGLPYNLVTSLSNIFGYDIDFALDLREGD
EFDVIYEQHKVNGKQVATGNILAARFVNRGKTYTAVRY TNKQGN
TSYYRADGSSMRKAFIRTPVDFARISSRFSLGRRHPILNKIRAH
KGVDYAAPIGTPIKATGDGKILEAGRKGGYGNAVVIQHGQORYRT
IYGHMSRFAKGIRAGTSVKQGOQITIGYVGMTGLATGPHLHYEFQT
NGRHVDPLSAKLPMADPLGGADRKRFMAQTQPMIARMDOEKKTL
LATNKQOR

67

MepM2
WP_098965471.1
P. putida

MPRFFAPLLLLCLTSFNAHADSYITRLLNKPVPGGVAVVDLGSA
TOASKATYQGKPVLVVKEQNNWLAIVGVPLTVKPGSQQISSGGR
NLPFTVGNKKYPEQHITLKNTQQVNPNPANLKRIEGELAEQIKA
YRSFSPNTPSNLLLDKPVNGPLSSKFGVRRFFNGEERNPHAGLD
FAVPAGTPIKTPAAGKVILTGNYFENGNTVEVDHGOGEFISMECH
MSKIDVKVGDQLARGAVVGKVGSTGRATGPHMHWNISLNDARVD
PAIFIGAFQP

68

MepM2
TUEID40 04881

P. aeruginosa

MPRTLAFVSTLLLAAFCALPTQADSFIMRLLNKPVPGGVAVVDL
GEEGPPPRAFYQGKPVLVVREEGRRW
IAVVGIPLSTKPGPQKLEVRAATGNHEERFSVGSKHYREQRITL
KNKRQVNPLPEDLKRIERELAEQTAA
YRRESPGLPSNLMLDKPVDGPLSSPEFGLRRFEFNGEERNPHSGLD
FAVPAGTPIKAPAAGKVILIGDYFFN
GKTVEFVDHGOGFISMFCHLSKIDVKLGOOVPRGGVLGKVGATGR
ATGPHMHWNVSLNDARVDPAIFIGAF
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QP

69

DegP amino acid
RXF01250

P. fluorescens

MLKALRFFGWPLLAGVLIAMLIIQRYPOWVGLPTLDVNLQOAPQ
TNTVVQGPVTYADAVVIAAPAVVNLYTTKVINKPAHPLFEDPQF
RRYFGDNGPKQRRMESSLGSGVIMSPEGYILTNNHVTTGADQIV
VALRDGRETLARVVGSDPETDLAVLKIDLKNLPAITLGRSDGLR
VGDVALAIGNPFGVGQTVTMGIISATGRNQLGLNSYEDFIQTDA
AINPGNSGGALVDANGNLTGINTAIFSKSGGSQGIGFAIPVKLA
MEVMKSIIEHGQVIRGWLGIEVQPLTKELAESFGLTGRPGIVVA
GIFRDGPAQKAGLOLGDVILSIDGAPAGDGRKSMNQVARIKPTD
KVAILVMRNGKE IKLSAEIGLRPPPATAPVKEEQ

70

HtpX
E. coli

MMRIALFLLTNLAVMVVEFGLVLSLTGIQSSSVQGLMIMALLEFGFE
GGSFVSLLMSKWMALRSVGGEVIEQPRNERERWLVNTVATQARQ
AGIAMPQVAIYHAPDINAFATGARRDASLVAVSTGLLONMSPDE
AFAVIAHEISHIANGDMVTMTLIQGVYNTEVIFISRILAQLAAG
FMGGNRDEGEESNGNPLIYFAVATVLELVFGILASIITMWESRH
REFHADAGSAKLVGREKMIA
ALQRLKTSYEPQEATSMMALCINGKSKSLSELFMTHPPLDKRIE
ALRTGEYLK

71

Tsp (Prc)
E. coli
GenBank M75634.1

MNMFFRLTALAGLLATAGQTFAVEDITRADQIPVLKEETQHATV
SERVTSRFTRSHYRQFDLDOQAFSAKIFDRYLNLLDYSHNVLLAS
DVEQFAKKKTELGDELRSGKLDVEYDLYNLAQKRREFERYQYALS
VLEKPMDFTGNDTYNLDRSKAPWPKNEAELNALWDSKVKEDELS
LKLTGKTDKEIRETLTRRYKFAIRRLAQTNSEDVEFSLAMTAFAR
EIDPHTNYLSPRNTEQFNTEMSLSLEGIGAVLOMDDDYTVINSM
VAGGPAAKSKAISVGDKIVGVGQTGKPMVDVIGWRLDDVVALIK
GPKGSKVRLEILPAGKGTKTRTVTLTRERIRLEDRAVKMSVKTV
GKEKVGVLDIPGFYVGLTDDVKVQLOKLEKQONVSSVIIDLRSNG
GGALTEAVSLSGLFIPAGPIVQVRDNNGKVREDSDTDGQOVEYKG
PLVVLVDRFSASASETIFAAAMODYGRALVVGEPTFGKGTVQQYR
SLNRIYDOMLRPEWPALGSVQYTIQKFYRVNGGSTQRKGVTPDI
IMPTGNEETETGEKFEDNALPWDSIDAATYVKSGDLTAFEPELL
KEHNARIAKDPEFONIMKDIARFNAMKDKRNIVSLNYAVREKEN
NEDDATRLARLNERFKREGKPELKKLDDLPKDYQEPDPYLDETV
NIALDLAKLEKARPAEQPAPVK
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72 MepS MPMLKRFAPLVPLALVTLLFGCAAQGPVSQPODHTPITAQSAIN
Q88MAS AKASSSSVFGEPEELATEDDLASEFSGGKPYQLPVLADSILERGM
P. putida SLIGTRYRFGGTSEKSGEDCSGFIGYLFREEAGMTLPRSTREMI
NVDAPKVARNKLKPGDLLFEFSTNGRGRVSHAGIYLGDNQFIHSS
SRRSGGVRIDSLGDRYWSKTFIEAKRALAMAPTNIARN
73 MepS MVKSQPILRYILRVAPATIAVAVLLSACSSTSTARNMHSETHAVG
MXH34301.1 SGDLSSLOASQDEFETMVRNLDVKSRLMDQYASWKGYVRYRLGGS
P. aeruginosa TRKGIDCSAFVOQRTFREQFGLELPRSTSEQQETGKSISRTQLRT
GDLVLFRAGSTGRHVGIYLGNNQEFVHASTSSGVTISSMDEPYWK
KRYNEARRVLSRS
74 HslU example ATGTCCATGACTCCCCGCGAAATCGTCCATGAACTCAATCGCCA
nucleic acid TATCATCGGCCAGGACGATGCCAAGCGCGCCGTTGCCATTGCGC

encoding SEQ ID
NO: 37

TGCGTAACCGCTGGCGCCGGATGCAACTGCCGGAAGAACTGCGC
GTTGAAGTAACGCCCAAGAACATCCTGATGATCGGCCCCACCGG
CGTGGGTAARACCGAGATCGCCCGGCGCCTGGCCARACTGGCCA
ATGCACCGTTCATCAAGGTCGAAGCGACCAAGTTCACCGAAGTC
GGCTATGTGGGCCGCGATGTCGAGTCGATCATTCGTGACCTGGC
TGACGCCGCCCTGAAGATGCTGCGCGAACAGGAAGTAACCAAGG
TCAGCCACCGCGCCGAAGACGCCGCTGAAGAGCGCATCCTCGAC
GCCCTGTTGCCACCGGCACGCATGGGTTTCAACGAAGACGCCGL
ACCGGCTACCGATTCCAACACTCGCCAGCTGTTCCGCAAGCGCC
TGCGTGAAGGCCAGCTGGATGACAAGGAAATCGAGATCGAAGTG
GCTGAAGTGTICCGGCGTGGATATTTCTGCCCCGCCTGGCATGGA
AGAAATGACCAGCCAGCTGCAGAACCTGTTCGCCAACATGGGCA
AGGGCAAGAAGAAAAGCCGCAAGCTCAAGGTGARAGAGGCGCTC
AAGCTCGTGCGCGACGAAGAAGCCGGGCGCCTGGTCAATGAGGA
AGARCTCAAGGCCAAGGCCCTGGAAGCGGTCGAGCAACATGGCA
TCGTGTTTATCGACGAGATCGACAAAGTGGCCAAGCGAGGCAAC
TCAGGCGGCGTGGATGTGTCCCGCGAAGGCGTGCAGCGCGATTT
GCTGCCGCTGATCGAGGGCTGCACGGTCAACACCAAGCTGGGCA
TGGTCAAGACTGACCACATCCTGTTTATCGCTTCCGGTGCTTTC
CACCTGAGCAAGCCCAGCGACCTGGTGCCCGAGCTGCAAGGCCG
CTTGCCGATTCGGGTGGAGCTCAAGGCGCTGACGCCGGGCGACT
TCGAGCGCATCCTCAGCGAGCCGCATGCCTCGCTCACCGAGCAG
TACCGCGAGTTGCTGAAAACCGAAGGGCTGGGTATCGAATTCCA
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GGCAGACGGGATCAAGCGCCTGGCGGAGATCGCCTGGCAGGTCA
ACGAGAAGACCGAGAACATCGGTGCCCGTCGCCTGCATACCTTG
CTTGAGCGCCTGCTGGAGGAAGTGTCCTTCAGTGCCGGCGACAT
GGCCGGTGCGCAGAATGGCGAAGCGATCAAGATCGATGCTGATT
ACGTCAACAGCCACTTGGGCGAATTGGCGCAGAACGAAGATCTG
TCTCGTTATATCCTGTAA

75

HslV example
nucleic acid
encoding SEQ ID
NO: 38

ATGACCACCATCGTTTCAGTACGTCGCCACGGCAAAGTTGTCAT
GGGCGGCGACGGCCAGGTTTCCCTGGGCARACACCGTGATGARAG
GCAACGCCAAGAAAGTGCGCCGCCTGTACCACGGCCAGGTGCTT
GCCGGCTTCGCAGGCGCAACCGCCGACGCCTTTACCCTGTTCGA
GCGTTTCGAAGGCCAGCTTGAGAAACACCAGGGCCACCTGGTGC
GCGCCGCTGTGGAACTAGCCARAGAATGGCGCACCGACCGCTCC
CTCAGCCGCCTGGAGGCCATGCTCGCGGTTGCGAACAAAGALCGC
TTCCCTGATCATCACTGGCAACGGCGACGTGGTTGAACCCGAGC
ATGGCCTGATCGCCATGGGTTCCGGCGGCGGCTACGCCCAGGCT
GCGGCCAGCGCGCTGTTGAAGAARACCGACCTGTCGGCCCGTGA
AATCGTCGAGACCGCCCTGGGTATCGCTGGCGATATCTGCGTGT
TCACCAACCACAACCAGACCATTGAGGAGCAGGACCTCGCCGAG
TAA

76

Putative cytoplasmic
disulfide

isomerase DsbA
amino acid
(RXF07017.2)

P. fluorescens

MSKTLEFFFDLGSPATYLAYTRLPALCAETGAQVVYQPMLLGGV
FKATGNASPITVPAKGRYMLDDLARYAKRYNVPLREFNPHEPINT
LLLMRAVTGIQIHQPERFLDFIGCLFRALWVEGRHLGDPEVVAN
VLTEQGFDPEQVLALSNDAAVKDALKDKTEQAIKRGVFEGAPSFEF
VGNQLFFGODRLDFVREALS

77

Disulfide-bond
isomerase DsbA
homolog amino acid

(RXF01002.1)

MRNLILSAALVTASLFGMTAQAADVPLEAGKTYVELANPVPVAV
PGKIEVVELFWYGCPHCYAFEPT INPWAEKLPKDVNEFRRIPAME
GGPWDAHGQLFLTLEAMGVEHKVHNAVEFEATQKQGKRLTKPDEM
ADFVATQGVDKDKFLATENSFAIQGQIKQAKELAQKYGVQGVPT
LIVNGKYRFDLGSTGGPEATLNVADQLIAKERAAK

78

Disulfide-bond
isomerase DsbB
amino acid

(RXF03204.1)

MIDDMRLGRERRFLVLLGIICLALIGGALYMQVVLGEAPCPLCI
LORYALLLIALFAFIGAAMRTKGALTFFEGLVVLSALGGVAAAG
HHVYTQFFPQVSCGIDVLQPIVDDLPLAKVEFPLGFQVDGEFCSTP
YPPILGLSLAQWALVAFVLTAILVPLCIYRNRHPKA
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79

Disulfide-bond
isomerase DsbC
example nucleic acid
(RXF03307,
PROKKA 03627)
encoding SEQ ID
NO: 60

ATGCGCTTGACCCAGATTATTGCCGCCGCAGCCATTGCGTTGGT
TTCCACCTTTGCGCTCGCCGATGATGCGGCCGAGCAGACCATCC
GCAAGAGCCTGGCCAACCTGGCGCTCGACACGCCTATCGAAAGC
ATTAGCGCCAGCCCCATGGCCGGCCTGTACGAAGTCAAGCTCAA
GGGCAGCCGCGTGCTGTACGCCAGTGCCGATGGCCAGTACATCG
TCCAGGGCTACCTGTTCCAGCTCAAGGACGGCAAGCCGGTCAAC
CTGACCGAGAAGGCCGAGCGCCTGGGCGTGTCCAAGCTGATCAA
CGGCATCCCGGTGGCTGAAACCGTGGTTTACCCGGCCATTGGCG
ARACCAAGACCCACATCACCGTGTTCACCGACACCACCTGCCCG
TACTGCCACAAGCTGCACGCTGAAATCCCGGCACTGAACAAGCT
GGGCGTGGAAGTGCGCTACGTCGCGTTCCCGCGCCAGGGCCTGG
GTTCGCCGGGTGACGAGCAGTTGCAAGCCGTATGGTGTTCGGCC
GACAAAAAGGCGGCCATGGACAAGATGGTCGACGGCAAGGAAAT
CAAATCGGCCAAATGCGCCAACCCGGTTTCCAAGCAGTTCGCCC
TGGGCCAGTCCATTGGTGTGAACGGTACACCGGCCATCGTTTTG
GCCGACGGCCAGGTGATTCCGGGCTACCAGCCGGCGCCGCAAGT
TGCCAAACTGGCACTGGGTGCCAAG

80

Disulfide-bond
isomerase DsbD

amino acid
(RXF04886.2)

MRHLFTFLLVLFAGFAQAAPGSPFETKPDFLPVGKAFAFTSERL
ESGETQLFWQIADGYYLYQQRMKFDGLAEKPVLPEGEAHSDEFFE
GEQOVYRQGLEVKIPAGTITGQVKLGWQGCADAGLCYPPQSITVD
LGGNPAVAATAQAQDOSLASGLOORSLGWSLLVEFFGLGLLLAFA
PCSLPMLPILAGLVVGSGASPRRGFALAGSYVVCMALVYAALGY
MAALLGANLAALLQTPWILGSFAALFVLLALPMFGFFELQLPAF
LRDRLDNVSRQQOSGGSLVGAGVLGALSGLLVGPCMTAPLAGALL
YIAQSGNALHGGLILFAMGIGIGIPLLLLVTVGNRFLPKPGTWM
NVLKGIFGFLFLGTAVLMIRPVVGDSLWIGLWGALALVMAYCGW
ALARESGLAAKVFGAGSLVLGLWGAVLVVGAAGGSDELWQPLKV
YSGSRVADAPSAHDAFTTVSDPAVLOSQLDSAKAQGOWVLLDYY
ADWCVSCKIMEKQVFGKPEVMDALKDVRLLRLDVTADNAASREL
LGRYKVPGPPSEFVWIGPDGEERRAQRITGEVDAAAFLORWTQTR
DAR

81

Disulfide-bond
isomerase DsbG

amino acid

(RXF04890.2)

MPRLRHLLTLLPLTLAAATAQAEDLPAPIKQIEAKGAKIIGKED
APSGLTGYAAQYQNRGMALYLTADGKNVIAGNLYDAQGNDLSTA
PLEKLVYAPMAKEVWAKMENSSWIQDGDKNAPRTIYLESDPNCP

YCNMEWEQARPWVKAGKVQLRHIMVGIIREDSPGKSAALLAAKD
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POKALODHEAAGKGSKLKALEKIPAEVEAKLDANMKLMDELELS
ATPAIFYLDDKGGLQOOOQOGAPSPDKLVKILGPK

82

PDIAG6 amino acid
UniProt Q922R8

mous¢

MARLVLGLVSCTFFLAVSGLYSSSDDVIELTPSNENREVIQSDG
LWLVEFYAPWCGHCQRLTPEWKKAATALKDVVKVGAVNADKHQS
LGGQYGVQGFPT IKIFGANKNKPEDYQGGRTGEAIVDAALSALR
QLVKDRLGGRSGGYSSGKQGRGDSSSKKDVVELTDDTEFDKNVLD
SEDVWMVEFYAPWCGHCKNLEPEWAAAATEVKEQTKGKVKLAAV
DATVNQVLASRYGIKGFPTI
KIFQKGESPVDYDGGRTRSDIVSRALDLESDNAPPPELLEIINE
DIAKKTCEEHQLCVVAVLPHILDTGAAGRNSYLEVLLKLADKYK
KKMWGWLWTEAGAQYELENALGIGGFGYPAMAATINARKMKEFALL
KGSFSEQGINEFLRELSFGRGSTAPVGGGSFPTITPREPWDGKD
GELPVEDDIDLSDVELDDLEKDEL

83

PDIAG6 amino acid
Q3TMLO

mouse

MRVIGMARLVLGLVSCTFFLAVSGLYSSSDDVIELTPSNENREV
IQSDGLWLVEFYAPWCGHCQRLTPEWKKAATALKDVVKVGAVNA
DKHOSLGGQYGVQGEFPTIKIFGANKNKPEDYQGGRTGEAIVDAA
LSALRQLVKDRLGGRSGGYSSGKQGRGDSSSKKDVVELTDDTED
KNVLDSEDVWMVEFYAPWCGHCKNLEPEWAARATEVKEQTKGKV
KLAAVDATMNQVLASRYGIK
GEFPTIKIFQKGESPVDYDGGRTRSDIVSRALDLFSDNAPPPELL
ETIINEDIAKKTCEEHQLCVVAVLPHILDTGAAGRNSYLEVLLKL
ADKYRKKKMWGWLWTEAGAQYELENALGIGGFGYPAMAATINARKM
KFALLKGSFSEQGINEFLRELSFGRGSTAPVGGGSFPTITPREP
WDGKDGELPVEDDIDLSDVELDDLEKDEL

84

PDIA6 amino acid
Q63081

rat

MARLVLGLVSCTFFLAVSALYSSSDDVIELTPSNENREVIQSDS
LWLVEFYAPWCGHCQRLTPEWKKAASALKDVVKVGAVNADKHQS
LGGQYGVQGFPTIKIFGANKNKPEDYQGGRTGEAIVDAALSALR
QLVKDRLGGRSGGYSSGKQGRGDSSSKKDVVELTDDTEFDKNVLD
SEDVWMVEFYAPWCGHCKNLEPEWAAAATEVKEQTKGKVKLAAV
DATVNQVLASRYGIKGFPTI
KIFQKGESPVDYDGGRTRSDIVSRALDLESDNAPPPELLEIINE
DIAKKTCEEHQLCVVAVLPHILDTGATGRNSYLEVLLKLADKYK
KKMWGWLWTEAGAQYELENALGIGGFGY PAMAATINARKMKEFALL
KGSFSEQGINEFLRELSFGRGSTAPVGGGSFPNITPREPWDGKD
GELPVEDDIDLSDVELDDLEKDEL
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85

PDIAG6 amino acid
AOASF5PFG7

horse

MKPAINGVLEVVSPGLMSCTLFLAVNGLYSSSDDVIELTPSNEN
REVIQSDSLWLVEFYAPWCGHCORLTPEWKKVATALKDVVKVGA
VDADKHOSLGGQYGVQGEFPTIKIFGANKNRPEDYQGGRSGEATV
DAALSALRQLVKDRLGGRSGGYSSGKQGRSESSSKKDVIELTDD
SFDKNVLDSEDVWMVEFYAPWCGHCKNLEPEWARAATEVKEQTK
GKVKLAAVDATVNQVLASRY
GIRGFPTIKIFOKGESPVDYDGGRTRSDIISRALDLEFSDNAPPP
ELLEIINEDIAKKTCEEHQLCVVAVLPHILDTGAAGRNSYLEVL
LKLADKYKKKMWGWLWTEAGAQSELETALGIGGFGYPAMAATNA
RKMKFALLKGSFSEQGINEFLRELSFGRGSTAPVGGGAFPAIST
REPWDGKDGELPVEDDIDLSDVELDDLEKDEL

86

PDIAG6 amino acid
AOASK1UHO1

pig

MARLVLGLMSCTLEVAVNGLYSSSDDVIELTPSNEFNREVIQSDS
LWLVEFYAPWCGHCQRLTPEWKKVATALKDVVKVGAVDADKHQS
LGGOYGVQGEFPTIKIFGSNKNRPEDYQGGRTGEAIVDAALSALR
QLVKDRLGGRGGGYSSGKQGRSEGSGKKDVIELTDDT FDKNVLD
SEDVWMVEFYAPWCGHCKNLEPEWARAAATEVKEQTKGKVKLAAV
DATVNQVLASRYGIRGEFPTI
KIFOKGESPVDYDGGRTRSDIVTRALDLESDNAPPPELLEIISE
DVAKKSCEEHQLCVVAVLPHILDTGAAGRNSYLEVLLKLADKYK
KKMWGWLWTEAGAQTELEHALGIGGFGYPAMAATINARKMKEFALL
KGSFSEQGINEFLRELSFGRGSTAPVGGGAFPAISTREPWDGKD
GEVSPATREPGDGKDGQASPATREPWDGKDGOASPATREPGDGK
DGEASPAEPRGODASRLWLSFLASLGPEAGCEPGLCIRAAPRAG
PAVAPPGPRGLLLSSSSAPLPPATPOQAKAPGSCSPGHSPQAERF
STWREAQRGHFEVSLDSRTLPSGLERPTSVAPGVCPRDDGRS

87

PDIAG6 amino acid
P38660

Golden hamster

MARLGEFGLVSCTFFLAASGLYSSSDDVIELTPSNFNREVIQSNS
LWLVEFYAPWCGHCQRLTPEWKKAATALKDVVKVGAVDADKHQS
LGGQYGVQGFPTIKIFGANKNKPEDYQGGRTGEAIVDAALSALR
QLVKDRLSGRSGGYSSGKQGRGDSSSKKDVIELTDDTEFDKNVLD
SDDVWMVEFYAPWCGHCKNLEPEWATAATEVKEQTKGKVKLAAV
DATVNQVLANRYGIRGFPTI

KIFQKGEAPVDYDGGRTRSDIVSRALDLESDNAPPPELLEIINE
DVAKKMCEEHQLCVVAVLPHILDTGAARNSYLEILLKLADKYKK
KMWGWLWTEAGAQSELENALGIGGFGYPAMARINARKMKFALLK
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GSFSEQGINEFLRELSFGRASTAPVGGGSFPAITAREPWDGRDG
ELPVEDDIDLSDVELDDLEKDEL

88

PDIAG6 amino acid
Q5R6T1
Pongo abelii

(orangutan)

MALLVLGLVSCAFFLEVNGLYSSSDDVIELTPSNENREVIQSDS
LWLVEFYAPWCGHCQRLTPEWKKAATALKDVVKVGAVDADKHHS
LGGQYGVQGFPTIKIFGSNKNRPEDYQGGRTGEAIVDAALSALR
QLVKDRLGGQOSGGYSSGKQGRSDSSSKKDVIELTDDSFDKNVLD
SEDVWMVEFYAPWCGHCKNLEPEWAAAASEVKEQTKGKVKLAAV
DATVNQVLASRYGIRGFPTI
KIFQKGESPVDYDGGRTRSDIVSRALDLESDNAPPPELLEIISE
DIAKRTCEEHQLCVVSVLPHILDTGAAGRNSYLEVLLKLADKYK
KKMWGWLWTEAGAQSELETALGIGGFGYPAMAATINARKMKEFALL
KGSFSEQGINEFLRELSFGRGSTAPVGGGAFPTIVEREPWDGRD
GELPVEDDIDLSDVELDDLGKDEL

89

PDIAG amino acid
U3JW38
Collared flycatcher

MRESHKCSTGQLMSLLFLVGTVSCTLFLAVNGLYSASDDVIELT
PINFNKEVIQSESLWLVEFYAPWCGHCQRLTPEWKKAATALKGV
VKVGAVDADKHQSLGGQYGVRGFPTIKIFGANKNKAEDYQGGRT
SDAIVDAALSALRSLVKERLSGRSGGYSSGKQSRGSGGGDKKDV
IELTDDSEDKNVINSDDVWMVEFYAPWCGHCKNLEPEWAAAATE
VKEQTKGKVKLAAVDATVNQVLASRYGIRGFPTIKIFQKGEDPV
DYDGGRTRSDIVSRALDLFSDNAPPPELLEIISEDVLKSTCDAH
QLCIISVLPHILDTGASGRNSYLDVMLKMAEKYKKKMWGWLWTE
AGAQPDLESSLGIGGFGYPAMAAVNARKMKFALLKGSEFSEQGIN
EFLRELSVGRGSTAPVGGGAFPKIHSVEPWDGKDGELPVEDDID
LSDVDLDDFGKDEL

90

Protein disulfide-
isomerase amino
acid

P55059.1

Human

MHKAQKFALGLLAAAAVATASDVVQLKKDTFDDFIKTNDLVLAE
FFAPWCGHCKALAPEYEEAATTLKEKNIKLAKVDCTEETDLCQQ
HGVEGYPTLKVFRGLDNVSPYKGOQRKAAATTSYMIKQSLPAVSE
VTKDNLEEFKKADKAVLVAYVDASDKASSEVEFTQVAEKLRDNYP
FGSSSDAALAEAEGVKAPATVLYKDFDEGKAVESEKFEVEATIEK
FAKTGATPLIGEIGPETYSDYMSAGIPLAYIFAETAEERKELSD
KLKPIAEAQRGVINFGTIDAKAFGAHAGNLNLKTDKEFPAFAIQE
VAKNQKFPFDOQEKEITFEAIKAFVDDEVAGKIEPSIKSEPIPEK
QEGPVIVVVAKNYNEIVLDDTKDVLIEFYAPWCGHCKALAPKYE
ELGALYAKSEFKDRVVIAKVDATANDVPDEIQGFPTIKLYPAGA
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KGOPVTYSGSRTVEDLIKFIAENGKYKAATISEDAEETSSATETT
TETATKSEEAAKETATEHDEL

91

Protein disulfide-
isomerase amino
acid

013811
Schizosaccharomyce
s pombe (strain 972 /
ATCC 24843)

MRLPLLSEVIFALFALVFASGVVELOSLNELENTIRASKKGALT
EFYATWCGHCKSLAPVYEELGALFEDHNDVLIGKIDADTHSDVA
DKYHITGFPTLIWEFPPDGSEPVQYSNARDVDSLTQFVSEKTGIK
KRKIVLPSNVVELDSLNFDKVVMDDKKDVLVEFYADWCGYCKRL
APTYETLGKVFKNEPNVEIVKINADVFADIGRLHEVASFPTIKE
FPKDDKDKPELYEGDRSLESLIEYINKKSGTQRSPDGTLLSTAG
RIPTFDEFAAEFLDMSNAAKEVVLEKVKQLALEDSSRWTKYYKK
VFEKILNDENWVHKEAKRLSKLLROKSIALASADDFKTRLNILN
SFLPGNH

92

Protein disulfide-
isomerase amino
acid

ASLHWO
Haemaphysalis longi

cornis

MATALLAVLAALSPMALAMYGPHTEVVDLSPANFKNRVVDSDEV
WIVEFYAPWCGHCOSFAPEYTKAAAATKGIVKVGAVDADKDKSL
GGQYGVRGFPTVKIFGANKHNPTDYSGPRTADGVASAALQEARK
VVDQRLGRKTSGGSSGGKSDVVELDESNFEELVLKSDDLWLVEF
FAPWCGHCKNLAPHWAKAATELKGKVKLGAVDATVHQGLASQFEFD
VKGYPTIKFFPGGKKDRHSAXEYNGGRTADDIVOWGLDKAAESA
PAPELHQVTSPSVLKDACEESQLCVVSVLPHIYDCQSECRQGYL
DVLKRLGEKYKRNRWGWLWSEALAQPKLEEALEIGGFGYPALAV
LNSRKMKYSLLRGSEFSYDGINEFLRELAVGRGSSVPVKGAKLPE
VOTVEPWDGKDAKLEEPEDIDLSDVELEPEEPGKKHVEL

93

Protein disulfide-
isomerase amino
acid

Q5UAHO
Plasmodium chabau
di

chabaudi

MNSKYFSFLLFLIPFLFONCVRSHEDLFNEHVTSIHDGELTNEFI
TKNDIVLVMEFYAPWCGHCKRLIPEYNDAAIMLAEKKSEIKLASV
DATIERGLSQEYGITGYPTMILEFNKKNRINYGGGRTAQTIVDWI
LOMTGPVSTEITGNIEDVLKEKNINVAEFYIEYTSEDHELEFKKEN
EVGDKNREIAKY FMKKNDKHNKIYCYRKDEKTVEYDEKTPLSDFE
ITIESFPLFGEINTENYREY
AFSPRKELVWVCATIEQYNEIKEEVRLAAAETLRNKTHFVLLNIPE
YADHAKASLGINEFPGLAYQSSEGRYVLTNPKQSLKNHKDIITE
FKDVEAGKIEKSLKSEPIPEEDKDAPVKVVVGNSFIDVVLKSGK
DVLIEIYAPWCGHCKKLEPVYEELGRKLKKYDHIIVAKMDGTLN
ETALKEFEWSGFPTIFFVKAGSKIPLPYEGERSLKGEFVDEFLNKH
STKTPITIDGVSQSDDGASE

EL
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94

Protein disulfide-
isomerase amino
acid

XP 024705795.1
Aspergillus steynii 1
BT 23096

MRSEFTPWVLGLLGASAVVSAGDAQADVPSDVKSLTODTFNDEFIK
EHDLVLAEFFAPWCGHCKALAPKYEEAASQLKDKNIPLVKIDCT
EEEELCRDOGVEGYPTLKIFRGYDSSKPYQGARQTESLVSYMIK
QSLPAVSSVNEENLEDTKTMDKIVVIGYFSSDDOQAANDAFNALA
EAQRDNYLFAATDDAATAKAEGVEQPSLVLYKDEFDEKKAIYTGE
IEQDAVLTWVKTASTPLVGEIGPETYSSYITAGIPLAYIFAETS
EEREKFTEDFKPIAEKHKGLINIATIDAKMFGAHAGNLNLDPQT
FPAFATQDPEKKAKYPYDQOSKEITAKDVGKFIQDVLGGKVEPST
KSEPIPESQEGPVIVVVAHSYKELVVDNEKDVLLEFYAPWCGHC
KALAPKYEELASLYADVPDLASKVTIAKIDATANDVPDSITGEP
TIKLYPAGGKDAPVEYAGSRTVEDLVNEFVKENGQHKVDALANTQ
EGGDATESPSASSETEAPAATDDKADHDEL

95

Protein disulfide-
isomerase amino
acid
PGH31646.1

Emmonsia crescens

MROQFRDFAFGLAALGLTALASATEAEAESDVHVLKKDT FNDEMN
SHDLVLAEFYAPWCGHCKALAPEYEVAATELKEKNIHLAKIDCT
EEADLCQEHGVEGYPTLKIFRGLENVKPYTGPRKSGPTASFMVK
QSLPPVTTVTADNIEDVKTLDKIVVIGYFAEDDKASNETEFTAVA
EALRDDYLFAGTNDAKLAAAEDVKQPAIVLYKEFDERKAVEFKNK
FVODDISKEFVKTASIPLVGEVGPDTYAGYMASGLPLAYVFAETP
EEREEFAAMLKPIAQKQKGSINIATIDAKAFGAHAGNLNLDPEK
FPAFATQDTTNNKKYPFDQTKKITHDDIAKEFVQDVLDGKVEPST
KSEPIPESQDAAVIVVVAHSFQEIVIDNDKDVLVEYYAPWCGHC
KALAPKYEQLGQLYADVPEFASKVTIAKIDATANDVPEDIQGEP
TIKLYAAGSKGSPVDYDGSRTIEDLAKEFVRDNGKHGVDAYVAEK
VVEDGGDVTNSPARASPSSTAADKESETSSSDDAEETAEAPRHE
EL

97

Protein disulfide-
isomerase

Pdil amino acid
KEY81650.1
Aspergillus
Sfumigatus var. RP-
2014

MRSFAPLVLSLLGASAVASADATADTTSDVVSLTKDSFKDFMKE
HDLVLAEFYAPWCGHCKALAPKYEEAATELKGKNIPLVKVDCTE
EEDLCKENGVEGYPTLKIFRGPDSSKPYQGARQADSIVSYMIKQ
SLPAVSAVTEENLEEIKTMDKIVVIGYFASDDKAANDVETSFAE
SORDNYLFAATSDSATAKAEGVKQPSIVLYKDFDEKKAVYDGAT
EQEAILSWVKTASTPLVGEIGPETYSSYITAGIPLAYIFAETKE
ERDQYAEDFKPVAEKHKGAINIATIDAKMFGAHAGNLNLDPQTE
PAFAIQDPEKNAKYPYDQSREFNAKEIGKEIQDVLDGKVEPSIK
SEPIPETQEGPVIVVVAHSYQODIVINNDKDVLLEFYAPWCGHCK
ALAPKYEELAALYAGDEFKDKVTIAKIDATANDVPDSITGEPTIK
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LYPAGAKDSPVEYSGSRTIVEDLANFIKENGKYKVDALVAASEKV
EEGPDVTASPSATSTEAEAPAATGDEKGDHDEL

98 Protein disulfide-
isomerase FrnE
amino acid

(RXF08657.2)

P. fluorescens

MSTPLKIDFVSDVSCPWCIIGLRGLTEALDQLGSEVQAETIHEFQP
FELNPNMPAEGONIVEHITEKYGSTAEESQANRARIRDMGAALG
FAFRTDGOQSRIYNTFDAHRLLHWAGLEGLOYNLKEALFKAYFSD
GODPSDHATLATITAESVGLDLARAAEILASDEYAAEVREQEQLW
VSRGVSSVPTIVENDQYAVSGGQPAEAFVGAIRQIINESKS

*Public database numbers identify sequence information that is incorporated by reference herein.
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CLAIMS

WHAT IS CLAIMED IS:

1. A recombinant gram-negative bacterial host cell for recombinant protein
expression, wherein the host cell is:

(a) deficient in a first protease activity, wherein the first protease activity is tail-specific

protease activity, wherein the deficient first protease activity results from a mutation in at

least one gene encoding a tail-specific protease;

(b) deficient in a second protease activity, wherein the second protease activity is murein

DD-endopeptidase activity, wherein the deficient second protease activity results from a

mutation in at least one gene encoding a murein DD-endopeptidase.

2. The recombinant gram-negative bacterial host cell of claim 1, wherein the host
cell further:

(c) is deficient in at least one additional protease activity, wherein the deficient additional

protease activity results from a mutation in at least one gene encoding an additional

protease, wherein the additional protease is different from the proteases of (a) and (b);

(d) is deficient in one or more autolytic factor activity, wherein the deficient autolytic

factor activity results from a mutation in at least one gene encoding an autolytic factor;

(e) overexpresses one or more inactivated protease;

(f) overexpresses one or more folding modulator; or

(g) any combination of (c), (d), (e) and (f).

3. The recombinant gram-negative bacterial host cell of claim 1 or 2, wherein the
deficient tail-specific protease activity results from a mutation in a gene encoding one or more of’
(i) a Prcl tail-specific protease having the amino acid sequence set forth as SEQ ID NO: 33, a
homologue of SEQ ID NO: 33, or a Prcl tail-specific protease related protein having an amino
acid sequence at least 30% similar to SEQ ID NO: 33; (ii) a Prc2 tail-specific protease having the
amino acid sequence set forth as SEQ ID NO: 35, a homologue of SEQ ID NO: 35, or a Prc2 tail-
specific protease related protein having an amino acid sequence at least 30% similar to SEQ ID
NO: 35; or (iii) a Tsp tail-specific protease having the amino acid sequence set forth as SEQ ID
NO: 71, ahomologue of SEQ ID NO: 71, or an Tsp tail-specific protease related protein having
an amino acid sequence at least 30% similar to SEQ ID NO: 71.
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4 The recombinant gram-negative bacterial host cell of any one of claims 1-3,
wherein the deficient murein DD-endopeptidase activity results from a mutation in a gene
encoding one or more of’

(i) a MepM1 murein DD-endopeptidase having the amino acid sequence set forth as SEQ

ID NO: 1, a homologue of SEQ ID NO: 1, or a murein DD-endopeptidase related protein

having an amino acid sequence at least 30% similar to SEQ ID NO: 1;

(ii) a MepM murein DD-endopeptidase having the amino acid sequence set forth as SEQ

ID NO: 63, a homologue of SEQ ID NO: 63, or a murein DD-endopeptidase related

protein having an amino acid sequence at least 30% similar to SEQ ID NO: 63;

(iii) a MepM 1 murein DD-endopeptidase having the amino acid sequence set forth as

SEQ ID NO: 65, a homologue of SEQ ID NO: 65, or a murein DD-endopeptidase related

protein having an amino acid sequence at least 30% similar to SEQ ID NO: 65; and

(iv) a MepM1 murein DD-endopeptidase having the amino acid sequence set forth as

SEQ ID NO: 66, a homologue of SEQ ID NO: 66, or a murein DD-endopeptidase related

protein having an amino acid sequence at least 30% similar to SEQ ID NO: 66.

5. The recombinant gram-negative bacterial host cell of any one of claims 2-4,
wherein: the host cell of (¢) is deficient in 1 to 10 different additional protease activities; the host
cell of (d) is deficient in 1-5 different autolytic factor activities, the host cell of (e) overexpresses
1 to 10 different inactivated proteases, wherein each inactivated protease is different; the host cell

of (f) overexpresses 1-10 different folding modulators, or any combination thereof.

6. The recombinant gram-negative bacterial host cell of any one of claims 2-5,

wherein:

the one or more deficient additional protease activity of (c) results from a mutation of at
least one gene encoding an additional protease independently selected from: a serralysin
precursor, a membrane-localized protease, a murein L,D transpeptidase, a hemolysin
precursor, a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor, a
periplasmic serine endoprotease, an AAA+ family proteolytic machine, and a murein DD-

endopeptidase different from that of (a);

the one or more deficient autolytic factor activity of (d) results from a mutation of at least
one gene encoding an autolytic factor independently selected from: an S-type pyocin, a
linear gramicidin synthase subunit D, a hemolysin precursor, a leukotoxin, and a porin;
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the one or more inactivated protease of (e) is a mutant periplasmic serine endoprotease;

and

the one or more folding modulator of (f) is a disulfide isomerase.

7. The recombinant gram-negative bacterial host cell of claim 6, wherein:

the serralysin precursor is selected from:

a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 9; a
homologue of the serralysin precursor having the amino acid sequence set forth as SEQ
ID NO: 9; a serralysin precursor related protein having at least 60% similarity or at least
60% identity to the amino acid sequence set forth as SEQ ID NO: 9;

a serralysin precursor having the amino acid sequence set forth as SEQ ID NO: 47; a
homologue of the serralysin precursor having the amino acid sequence set forth as SEQ
ID NO: 47, and a serralysin precursor related protein having at least 60% similarity or at

least 60% identity to the amino acid sequence set forth as SEQ ID NO: 47,

the membrane-localized protease is an HtpX having the amino acid sequence set forth as
SEQ ID NO: 39, a homologue of the HtpX having the amino acid sequence set forth as
SEQ ID NO: 39, or an HtpX related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 39;

the murein LD transpeptidase is a murein L,D transpeptidase having the amino acid
sequence set forth as SEQ ID NO: 41, a homologue of the murein L,D transpeptidase
having the amino acid sequence set forth as SEQ ID NO: 41, or a murein L,D
transpeptidase related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence set forth as SEQ ID NO: 41,

the hemolysin precursor is a hemolysin precursor having the amino acid sequence set
forth as SEQ ID NO: 43, a homologue of the hemolysin precursor having the amino acid
sequence set forth as SEQ ID NO: 43, or a hemolysin precursor related protein having at
least 60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ
ID NO: 43;
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the D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH precursor is a D-alanyl-
D-alanine carboxypeptidase/endopeptidase AmpH precursor having the amino acid
sequence set forth as SEQ ID NO: 45, a homologue of the D-alanyl-D-alanine
carboxypeptidase/endopeptidase AmpH precursor having the amino acid sequence set
forth as SEQ ID NO: 45, or a D-alanyl-D-alanine carboxypeptidase/endopeptidase AmpH
precursor related protein having at least 60% similarity or at least 60% identity to the

amino acid sequence set forth as SEQ ID NO: 45;

the periplasmic serine endoprotease is selected from:

a DegP2 having the amino acid sequence set forth as SEQ ID NO: 31; a homologue of the
DegP2 having the amino acid sequence set forth as SEQ ID NO: 31; a DegP2 related
protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 31;

a DegP having the amino acid sequence set forth as SEQ ID NO: 69; a homologue of the
DegP having the amino acid sequence set forth as SEQ ID NO: 69; a DegP related protein
having at least 60% similarity or at least 60% identity to the amino acid sequence set forth
as SEQ ID NO: 69;

a DegP having the amino acid sequence set forth as SEQ ID NO: 62; a homologue of the
DegP having the amino acid sequence set forth as SEQ ID NO: 62; and a DegP related
protein having at least 60% similarity or at least 60% identity to the amino acid sequence

set forth as SEQ ID NO: 62;

the AAA+ family proteolytic machine comprises: an HslU protease having the amino

acid sequence set forth as SEQ ID NO: 37, a homologue of the HslU protease having the
amino acid sequence set forth as SEQ ID NO: 37, or a HslU related protein having at least
60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID
NO: 37; and an HslV protease having the amino acid sequence set forth as SEQ ID NO:
38, a homologue of the HslV protease having the amino acid sequence set forth as SEQ
ID NO: 38, or a HslV related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 38;

the murein DD-endopeptidase is selected from:
a P. fluorescens MepM2 protease having the amino acid sequence set forth as SEQ ID

NO: 3, a homologue of the MepM2 protease having the amino acid sequence set forth as
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SEQ ID NO: 3; a MepM2-related protein having at least 60% similarity or at least 60%
identity to the amino acid sequence set forth as SEQ ID NO: 3;

a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 64; a
homologue of the MepM2 protease having the amino acid sequence set forth as SEQ ID
NO: 64; a MepM2-related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence set forth as SEQ ID NO: 64;

a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 67; a
homologue of the MepM2 protease having the amino acid sequence set forth as SEQ ID
NO: 67; a MepM2-related protein having at least 60% similarity or at least 60% identity
to the amino acid sequence set forth as SEQ ID NO: 67;

a MepM2 protease having the amino acid sequence set forth as SEQ ID NO: 68; a
homologue of the MepM?2 protease having the amino acid sequence set forth as SEQ ID
NO: 68; and

a MepM2-related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence set forth as SEQ ID NO: 68;

the S-type Pyocin is an S-type Pyocin having the amino acid sequence set forth as SEQ
ID NO: 49, a homologue of the S-type Pyocin having the amino acid sequence set forth as
SEQ ID NO: 49, or an S-type Pyocin related protein having at least 60% similarity or at
least 60% identity to the amino acid sequence set forth as SEQ ID NO: 49;

the linear gramicidin synthase is a linear gramicidin synthase having the amino acid
sequence set forth as SEQ ID NO: 51, a homologue of the linear gramicidin synthase
having the amino acid sequence set forth as SEQ ID NO: 51, or a linear gramicidin
synthase related protein having at least 60% similarity or at least 60% identity to the
amino acid sequence set forth as SEQ ID NO: 51;

the leukotoxin is a leukotoxin having the amino acid sequence set forth as SEQ ID NO:
53, a homologue of the leukotoxin having the amino acid sequence set forth as SEQ ID
NO: 53, or aleukotoxin related protein having at least 60% similarity or at least 60%

identity to the amino acid sequence set forth as SEQ ID NO: 53;

the ShIB hemolysin transporter is an ShiIB hemolysin transporter having the amino acid
sequence set forth as SEQ ID NO: 55, a homologue of the an ShiB hemolysin transporter
having the amino acid sequence set forth as SEQ ID NO: 55, or an ShIB hemolysin
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transporter related protein having at least 60% similarity or at least 60% identity to the

amino acid sequence set forth as SEQ ID NO: 55;

each of the one or more overexpressed inactivated proteases is independently selected
from: P. fluorescens DegP2 S219A; an inactivated DegP2 comprising an amino acid
substitution or disruption of the amino acid sequence set forth as SEQ ID NO: 31; an
inactivated DegP2 comprising an amino acid substitution or disruption of a homologue of
the amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2-related
protein comprising an amino acid substitution or disruption of a DegP2 having at least
60% similarity or at least 35% identity to amino acid sequence set forth as SEQ ID NO:
31; an inactivated DegP comprising an amino acid substitution or disruption of the amino
acid sequence set forth as SEQ ID NO: 69; an inactivated DegP comprising an amino acid
substitution or disruption of a homologue of the amino acid sequence set forth as SEQ ID
NO: 69; an inactivated DegP-related protein comprising an amino acid substitution or
disruption of a DegP having at least 60% similarity or at least 35% identity to amino acid
sequence set forth as SEQ ID NO: 69; an inactivated DegP/HtrA comprising an amino
acid substitution or disruption of the amino acid sequence set forth as SEQ ID NO: 62; an
inactivated DegP/HtrA comprising an amino acid substitution or disruption of a
homologue of the amino acid sequence set forth as SEQ ID NO: 62; an inactivated
DegP/HtrA-related protein comprising an amino acid substitution or disruption of a DegP
having at least 60% similarity or at least 35% identity to amino acid sequence set forth as
SEQ ID NO: 62; an inactivated DegP, DegP-related protein, or DegP homologue having a
substitution or disruption of an amino acid at a position corresponding to any one of 131
(His), 134 (Asp) and 236 (Ser) (SEQ ID NO: 62, numbering including leader sequence 1-
26), or respective positions 105, 108, and 210, when excluding the leader sequence; an
inactivated DegP, DegP-related protein, or DegP homologue having an amino acid
substitution corresponding to £. coli Htr S210A; an inactivated DegP, DegP-related
protein, or DegP homologue having an amino acid substitution corresponding to E. coli
Htr H105R; and an inactivated DegP, DegP-related protein, or DegP homologue having a
substitution or disruption of any one or more amino acid at a position corresponding to
any one of: 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
146, 147, 148, 149, 150, 151, 152, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227,
228,229,230, 231, 232, 233, and 234 of SEQ ID NO: 31; and
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each of the one or more folding modulators is independently selected from: a disulfide
bond isomerase having an amino acid sequence set forth as any one of SEQ ID NOS: 60,
76,77, 78, 80, and 81; a homologue of a disulfide bond isomerase having an amino acid
sequence set forth as any one of SEQ ID NOS: 60, 76, 77, 78, 80, and 81; a disulfide
bond isomerase-related protein having at least 60% similarity or at least 60% identity to
an amino acid sequence set forth as any one of SEQ ID NOS: 60, 76, 77, 78, 80, and 81; a
protein disulfide isomerase having an amino acid sequence set forth as any one of SEQ
ID NOS: 27 and 82-98; a homologue of a protein disulfide isomerase having an amino
acid sequence set forth as any one of SEQ ID NOS: 27 and 82-98; and a protein disulfide
isomerase-related protein having at least 60% similarity or at least 60% identity to an

amino acid sequence set forth as SEQ ID NOS: 27 and 82-98.

8. The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the mutation is in a coding sequence or noncoding sequence of the corresponding gene,
and wherein the mutation is independently selected from: (i) a complete gene deletion, (ii) a
partial gene deletion, (iii) a missense mutation, (iv) a nonsense mutation, (v) a frameshift

mutation, (vi) an insertion, and (vii) any combination of (ii), (iii), (iv), (v) and (vi).

9. The recombinant gram-negative bacterial host cell of claim 8, wherein the

missense mutation of (iii) results in a conservative or non-conservative amino acid substitution.

10.  The recombinant gram-negative bacterial host cell of claim 8 or 9, wherein the

noncoding sequence is a regulatory sequence.

11.  The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the gram-negative bacterial host cell further comprises a functional protease activity,
wherein the functional protease activity is the activity of: a MepS1 having the amino acid
sequence set forth as SEQ ID NO: 5; a homologue of the MepS1 having the amino acid sequence
set forth as SEQ ID NO: 5; or a MepS1 related protein having at least 50% sequence similarity to
the P. fluorescens MepS1 protease amino acid sequence set forth as SEQ ID NO: 5.

12, The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the gram-negative bacterial host cell further comprises a functional protease activity,
wherein the functional protease activity is: a MepS2 having the amino acid sequence set forth as
SEQ ID NO: 7; a homologue of the MepS2 having the amino acid sequence set forth as SEQ ID
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NO: 7, or a MepS2 related protein having at least 50% sequence similarity to the P. fluorescens

MepS2 protease amino acid sequence set forth as SEQ ID NO: 7.

13.  The recombinant gram-negative bacterial host cell of claim 11 or claim 12,

wherein the gram-negative bacterial host cell is a Pseudomonad.

14.  The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the gram-negative bacterial host cell is a Pseudomonad, and the deficient first protease
activity results from a mutation of a coding sequence and/or noncoding sequence of a gene
encoding P. fluorescens Prcl and/or a mutation of a coding sequence and/or noncoding sequence

of a gene encoding P. fluorescens Prc2.

15.  The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the second protease activity is deficient due to a mutation that results in a conservative
or non-conservative substitution in an active site amino acid or an allosteric site amino acid of a

protease having the second protease activity.

16.  The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the deficient second protease activity results from at least one mutation of the second
protease gene, wherein the mutation results in a disruption of the amino acid sequence at a
position corresponding to: (i) any one or more of residues 134 to 145 of SEQ ID NO: 1; (ii) any
one or more of residues 319 to 411 of SEQ ID NO: 1; (iii) one or more of residues any 361 to
378 of SEQ ID NO: 1; (iv) any one or more residue selected from 248, 319, 330, 332, 334, 337,
378,410, and 411 of SEQ ID NO: 1; or any combination of (i), (ii), (iii), and (iv).

17.  The recombinant gram-negative bacterial host cell of any preceding claim,
wherein the bacterial host cell is Pseudomonas fluorescens, wherein the deficient second protease
activity results from a gene mutation that results in an amino acid substitution of SEQ ID NO: 1
selected from: Y248stop, G332S, D334N, A337T, H411Y, P410L, and any conservative or non-
conservative amino acid substitution of any one of R319, H330, D334, H378, and H411.

18.  The recombinant gram-negative bacterial host cell of any preceding claim,

wherein the host cell is capable of high-density cell growth in culture.
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19. The recombinant gram-negative bacterial host cell of claim 18, wherein the high-

density cell growth in culture comprises growth to OD575 of about 80 to about 300.

20.  The recombinant gram-negative bacterial host cell of claim 18 or 19, wherein the
high-density cell growth in culture is increased in comparison to a control cell by about 2-fold to

about 15-fold.

21. The recombinant gram-negative bacterial host cell of claim 20, wherein the
recombinant gram-negative bacterial host cell and the control cell, respectively, are selected

from:

(i) a recombinant gram-negative bacterial host cell deficient in the first protease
activity and the second protease activity, and a corresponding gram-negative
bacterial host cell deficient in the first protease activity and wherein the second

protease is functional;

(ii) a recombinant gram-negative bacterial host cell deficient in the first protease
activity, the second protease activity, and an additional protease activity as recited
in 2(c), and a corresponding gram-negative bacterial host cell deficient in the first
protease activity and the second protease activity, and wherein the additional
protease activity of 2(c) that is deficient in the compared recombinant gram-

negative bacterial host cell is functional; and

(ii1) a recombinant gram-negative bacterial host cell deficient in the first protease
activity and the second protease activity, and comprising a functional protease that
is: a MepS1 having the amino acid sequence set forth as SEQ ID NO: §; a
homologue of the MepS1 having the amino acid sequence set forth as SEQ ID
NO: 5; or a MepS1 related protein having at least 50% sequence similarity to the
P. fluorescens MepS1 amino acid sequence set forth as SEQ ID NO: 5, and a
corresponding gram-negative bacterial host cell deficient in the activity of the first
protease and the second protease, and deficient in the functional protease of the

compared recombinant gram-negative bacterial host cell.

22. The recombinant gram-negative bacterial host cell of claim 21, wherein the
additional protease activity of 2(c) is an activity of a serralysin precursor having the amino acid
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sequence set forth as SEQ ID NO: 9; a homologue of the serralysin precursor having the amino
acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor related protein having at least

60% similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 9.

23.  Therecombinant gram-negative bacterial host cell of any preceding claim, further
comprising at least one expression construct, each expression construct comprising at least one

nucleic acid sequence encoding a recombinant protein of interest.

24,  The recombinant gram-negative bacterial host cell of claim 23, wherein the
recombinant protein of interest is native or heterologous to the recombinant gram-negative

bacterial host cell.

25.  The recombinant gram-negative bacterial host cell of claim 23, wherein the
recombinant protein of interest is selected from: an antibody, antibody fragment, or derivative of
an antibody or antibody fragment; an antibody-based drug, a non-antibody binding protein (e.g.,
an antibody mimetic, including, but not limited to, an alphabody, an iBody, an affibody, an
affilin, an affitin, or an anticalin), a reagent protein; a vaccine antigen; a therapeutic protein or
enzyme; non-natural protein; a pathogen protein or derivative thereof, a microbial toxin, a
lipoprotein; an extracellular receptor or ligand; a protease; a kinase; a blood protein; a
chemokine; a cytokine; a bone morphogenic protein; an anticoagulant; a blood factor; a bone
morphogenetic protein; an engineered protein scaffold; an enzyme, e.g., a biocatalytic enzyme; a
growth factor; an interferon; an interleukin; a thrombolytic agent; a hormone; and a TGF-beta

family member protein.

26. The recombinant gram-negative bacterial host cell of any one of claims 23-25,
wherein the recombinant protein of interest is human, murine, rat, rabbit, guinea pig, camelid,

shark, avian, yeast, fungal, gram-negative bacterial, or gram-positive bacterial.

27.  The recombinant gram-negative bacterial host cell of claim 25 or 26, wherein the
antibody, antibody fragment, or derivative thereof is selected from: a monoclonal antibody; a
complementarity determining region (CDR) fragment; a CDR-grafted antibody; a single-chain
antibody; a single chain antibody fragment; modified antibody, a bispecific antibody, a chimeric
antibody; a diabody; a triabody; a tetrabody; a minibody; a linear antibody; a chelating

recombinant antibody; a bibody; a tribody; an intrabody; a nanobody; a small modular
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immunopharmaceutical (SMIP); an antigen-binding-domain immunoglobulin fusion protein; a
camelid antibody; a shark single domain antibody, an avian antibody (e.g., a chicken antibody), a
VHH-containing antibody; a F(ab); a F(ab)’; F(ab)’2; scFv; an Fc fragment generated from the
heavy chain constant region of an antibody; a reduced IgG fragment (e.g., generated by reducing
the hinge region disulfide bonds of IgG); an Fc fusion protein (e.g., comprising the Fc domain of
IgG fused together with a protein or peptide of interest); a domain antibody; a VL; a VNAR; a
VH; and a VHH.

28.  The recombinant gram-negative bacterial host cell of claim 27, wherein the VHH-

containing antibody is a VHH concatenated antibody.

29.  The recombinant gram-negative bacterial host cell of any one of claims 25 to 28,
wherein the antibody, antibody fragment, or derivative thereof, binds to a target selected from: a
cytokine; a chemokine; a drug; a cell-surface protein, e.g., a receptor, cell-surface marker,
pathogen surface-protein, etc.; a growth factor; a growth factor receptor; immune checkpoint

molecule, and a blood factor.

30.  The recombinant gram-negative bacterial host cell of any one of claims 25 to 29,

wherein the antibody, antibody fragment, or derivative thereof is a Fab’.

31 The recombinant gram-negative bacterial host cell of claim 30, wherein the Fab’
binds to a target selected from: Carcinoembryonic antigen (CEA); CD22; fibrin I, beta chain;
TNF-alpha; and NCA-90 (granulocyte antigen).

32.  The recombinant gram-negative bacterial host cell of any one of claims 25 to 31,
wherein the at least one expression construct encoding the antibody, antibody fragment, or
derivative thereof comprises at least one nucleic acid sequence encoding a heavy chain, at least
one nucleic acid sequence encoding a light chain, or both, wherein the heavy chain is full-length

or a heavy chain fragment, and the light chain is full-length or a light chain fragment.
33.  The recombinant gram-negative bacterial host cell of claim 32, wherein the at

least one expression construct encoding the antibody, antibody fragment, or derivative thereof

comprises at least two nucleic acid sequences, each encoding a heavy chain.
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34 The recombinant gram-negative bacterial host cell of claim 32 or 33, wherein the
at least one expression construct encoding the antibody, antibody fragment, or derivative thereof
comprises a nucleic acid sequence encoding a heavy chain and a nucleic acid sequence encoding

a light chain, wherein the heavy and light chain are expressed from the same mRNA transcript.

35.  The recombinant gram-negative bacterial host cell of claim 32 or 33, wherein the
at least one expression construct encoding the antibody, an antibody fragment, or derivative
thereof comprises a nucleic acid sequence encoding a heavy chain and a nucleic acid sequence
encoding a light chain, wherein the heavy and light chain are expressed from different mRNA

transcripts.

36.  The recombinant gram-negative bacterial host cell of claim 34 or 35, wherein each
heavy chain-encoding nucleic acid sequence and each light chain-encoding nucleic acid sequence
is individually operably linked to an independently selected nucleic acid sequence encoding a

periplasmic secretion signal.

37. The recombinant gram-negative bacterial host cell of claim 36, wherein the
periplasmic secretion signal has the amino acid sequence set forth as SEQ ID NO: 11, 13, 15, or

17.

38. The recombinant gram-negative bacterial host cell of any one of claims 34 to 37,
wherein the expression construct comprises: a nucleic acid sequence encoding an antibody heavy
chain, operably linked to a nucleic acid sequence encoding a periplasmic secretion signal,
wherein the periplasmic secretion signal has the amino acid sequence set forth as SEQ ID NOS:
11, 13, 15, or 17; a nucleic acid sequence encoding a light chain, operably linked to a nucleic
acid sequence encoding a periplasmic secretion signal, wherein the periplasmic secretion signal

has the amino acid sequence set forth as SEQ ID NOS: 11, 13, 15, or 17; or both.

39.  The recombinant gram-negative bacterial host cell of any one of claims 25 to 38,

wherein the antibody, antibody fragment, or derivative thereof is humanized.

40.  The recombinant gram-negative bacterial host cell of any one of claims 30 to 39,

wherein the Fab’ is certolizumab.
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41. The recombinant gram-negative bacterial host cell of claim 40, wherein the Fab’
heavy chain has the amino acid sequence set forth as SEQ ID NO: 21, and the Fab’ light chain
has the amino acid sequence set forth as SEQ ID NO: 23.

42. The recombinant gram-negative bacterial host cell of any one of claims 32-41,
wherein the nucleic acid sequence encoding the heavy chain is operably linked to a nucleic acid
sequence encoding a secretion leader having the amino acid sequence set forth as SEQ ID NO:
11, and the nucleic acid sequence encoding the light chain is operably linked to a nucleic acid
sequence encoding a secretion leader having the amino acid sequence set forth as SEQ ID NO:
13.

43.  The recombinant gram-negative bacterial host cell of any one of claims 1-42,
wherein the host cell is deficient in:

(1) the first protease activity;

(i1) the second protease activity;

(iii) the activity of a serralysin precursor having the amino acid sequence set forth as SEQ

ID NO: 9, a homologue of the serralysin precursor having the amino acid sequence set

forth as SEQ ID NO: 9, or a serralysin precursor related protein having at least 60%

similarity or at least 60% identity to the amino acid sequence set forth as SEQ ID NO: 9;

(iv) an HslU protease having the amino acid sequence set forth as SEQ ID NO: 37, a

homologue of the HslU protease having the amino acid sequence set forth as SEQ ID NO:

37, or a HslU related protein having at least 60% similarity or at least 60% identity to the

amino acid sequence set forth as SEQ ID NO: 37; and

(v) an HslV protease having the amino acid sequence set forth as SEQ ID NO: 38, a

homologue of the HslV protease having the amino acid sequence set forth as SEQ ID NO:

38, or a HslV related protein having at least 60% similarity or at least 60% identity to the

amino acid sequence set forth as SEQ ID NO: 38.

44. The recombinant gram-negative bacterial host cell of claim 43, wherein the host
cell further overexpresses an exogenous inactivated DegP, wherein the inactivated DegP is
selected from: P. fluorescens DegP2 S219A; an inactivated DegP2 derived from the amino acid
sequence set forth as SEQ ID NO: 31; an inactivated DegP2 derived from the amino acid
sequence set forth as SEQ ID NO: 62; an inactivated DegP2 derived from a homologue of the
amino acid sequence set forth as SEQ ID NO: 31; an inactivated DegP2 derived from a DegP2
having at least 60% similarity or at least 60% identity to amino acid sequence set forth as SEQ
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ID NO: 31; an inactivated DegP2 derived from a DegP2 having at least 60% similarity or at least
60% identity to amino acid sequence set forth as SEQ ID NO: 62; and each of the proteases
having the amino acid sequence set forth as SEQ ID NO: 31 comprising a conservative or
nonconservative amino acid substitution or disruption of any one or more of positions: 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 146, 147, 148, 149, 150, 151,
152,217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, and
234.

45.  The recombinant gram-negative bacterial host cell of claim 43 or 44, wherein the
host cell overexpresses an exogenous disulfide isomerase selected from any one of: a disulfide
isomerase having at least 60% similarity or at least 60% identity to an amino acid sequence set
forth as SEQ ID NO: 27, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73, and a homologue of a
disulfide isomerase having the amino acid sequence set forth as SEQ ID NO: 27, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, and 73.

46.  Therecombinant gram-negative bacterial host cell of any one of claims 1-45,
wherein the recombinant gram-negative bacterial host cell is selected from: a Pseudomonad host

cell; an E. coli host cell; and a Vibrio host cell.

47. The recombinant gram-negative bacterial host cell of claim 46, wherein the

Pseudomonad host cell is a Pseudomonas host cell.

48.  The recombinant gram-negative bacterial host cell of claim 47, wherein the

Pseudomonas host cell is P. fluorescens, P. putida, or P. aeruginosa.

49.  The recombinant gram-negative bacterial host cell of claim 47 or 48, wherein the
cell is:

(1) Isc::laclQ1;

(i1) Prcl-

(i1) Prc2-

(iii) HslU-

(iv) Hsl V-

(v) MepM1-

(vi) PyrF-
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and (vii) deficient in a serralysin precursor that is: a serralysin precursor having the amino
acid sequence set forth as SEQ ID NO: 9; a homologue of the serralysin precursor having
the amino acid sequence set forth as SEQ ID NO: 9; or a serralysin precursor related
protein having at least 60% similarity or at least 60% identity to the amino acid sequence
set forth as SEQ ID NO: 9; wherein the serralysin precursor deficiency results from a

mutation in a gene encoding the serralysin precursor.

50. The recombinant gram-negative bacterial host cell of claim 49, wherein the cell is
P. fluorescens, the Prc1 has the amino acid sequence set forth in SEQ ID NO: 33, the Prc2 has
the amino acid sequence set forth in (SEQ ID NO: 35), the HslU has the amino acid sequence set
forth in (SEQ ID NO: 37), the HslV has the amino acid sequence set forth in (SEQ ID NO: 38),
the MepM1 has the amino acid sequence set forth in (SEQ ID NO: 1), and the serralysin

precursor has the amino acid sequence set forth as SEQ ID NO: 9.

51. The recombinant gram-negative bacterial host cell of claim 50, further comprising
an expression vector comprising a nucleic acid sequence encoding DegP2 S219A (SEQ ID NO:
29).

52.  The recombinant gram-negative bacterial host cell of claim 50 or 51, further
comprising an expression vector comprising a nucleic acid sequence encoding disulfide

isomerase PDIA6 (SEQ ID NO: 27).

53. The recombinant gram-negative bacterial host cell of any one of claims 1-52,

further comprising an expression vector encoding a recombinant protein.

54.  The recombinant gram-negative bacterial host cell of claim 53, wherein the

expression vector encodes a Fab’.

55.  The recombinant gram-negative bacterial host cell of claim 54, wherein the
expression vector comprising the nucleic acid sequence encoding DegP2 S219A or disulfide

isomerase PDIAG further comprises a nucleic acid sequence encoding the Fab’.

56.  The recombinant gram-negative bacterial host cell of claim 54 or 55, wherein the
Fab’ heavy chain is encoded by SEQ ID NO: 21, and the Fab’ light chain is encoded by SEQ ID
NO: 23.
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57. The recombinant gram-negative bacterial host cell of claim 1, wherein the
recombinant gram-negative bacterial host cell is a Pseudomonad having the genotype of strain
STR94975, STR94976, or STR94977.

58.  The recombinant gram-negative bacterial host cell of claim 57, further comprising
the expression construct or constructs of STR94975, STR94976, or STR94977, for use in

producing a recombinant anti-TNF-alpha Fab’.

59. A method for producing a recombinant protein of interest comprising: (a)
recovering the recombinant protein of interest from a recombinant gram-negative bacterial host
cell of any one of claims 1-57 cultured under suitable fermentation conditions, wherein the
recombinant gram-negative host cell is transformed with a plasmid comprising a nucleic acid

encoding the recombinant protein of interest.

60.  The method of claim 59, wherein transcription of the nucleic acid sequence

encoding the recombinant protein of interest is regulated by an inducible promoter.

61.  The method of claim 60, wherein the inducible promoter is selected from: a tac
promoter, a mannitol promoter, a Pben, a T7 promoter, a lac promoter, a TS promoter, a xylose

promoter, and an arabinose promoter.

62. The method of any one of claims 59-61, wherein the recombinant gram-negative

bacterial host cell can grow to high cell density.

63. The method of claim 62, wherein the high cell density comprises an OD575 of
about 80 to about 300.

64.  The method of any one of claims 58-63, wherein the suitable fermentation
conditions comprise induction of the inducible promoter at: an OD575 of about 80 to about 160,
a culture pH of about 5.8 to about 7.0, a temperature of about 28-33 deg C, fed-batch, and a titer

range of about 0.2 to about 5 g/L.

65. The method of claim 64, wherein the inducible promoter is induced by IPTG, and
wherein the IPTG is added to a final concentration of about 0.08 — 0.3mM.
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66. The method of claim 65, wherein the IPTG is added to a final concentration of
about 0.2 mM.

67.  The method of any one of claims 63-66, wherein induction is carried out at a

culture pH of about 6.0 to about 6.5.

68. The method of any one of claims 63-67, wherein induction is carried out at a

temperature of about 28-33 deg C.

69. The method of claim 68, wherein induction is carried out at a temperature of about

32 degC.

70. The method of any one of claims 59-69, wherein the recombinant gram-negative
bacterial host cell grows to a cell density that is increased in comparison to a control cell grown

under the same fermentation conditions.

71.  The method of claim 70, wherein the increase in cell density is about 2-fold to

about 15-fold.

72. The method of any one of claims 59-71, further comprising: (b) measuring the
yield of intact, soluble, and/or active, recombinant protein of interest recovered from the

recombinant gram-negative bacterial host cell.

73. The method of claim 72, wherein the measured yield of intact, soluble, and/or

active, recombinant protein is about 0.1 to about 10 g/L.

74. The method of claim 72 or 73, further comprising: (¢) measuring the yield of
recombinant protein of interest recovered from a control cell that is intact, soluble, active, or a
combination thereof.

75.  The method of claim 74, further comprising (d) comparing the yield measured in

step (b) to the yield measured in step (c).
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76. The method of claim 75, wherein the yield measured in step (b) is about 2-fold to
about 100-fold higher than that measured in step (c).

77.  The method of any one of claims 70-76, wherein the recombinant gram-negative

bacterial host cell and the control cell, respectively, are selected from:

(i) a recombinant gram-negative bacterial host cell deficient in the first protease
activity and the second protease activity, and a corresponding gram-negative
bacterial host cell deficient in the first protease activity and wherein the second

protease is functional;

(ii) a recombinant gram-negative bacterial host cell deficient in the first protease
activity, the second protease activity, and an additional protease activity as recited
in 2(a), and a corresponding gram-negative bacterial host cell deficient in the first
protease activity and the second protease activity, and wherein the additional
protease activity of 2(a) that is deficient in the compared recombinant gram-

negative bacterial host cell is functional; and

(iii) a recombinant gram-negative bacterial host cell deficient in the first protease
activity and the second protease activity, and comprising a functional protease that
is: a MepS1 having the amino acid sequence set forth as SEQ ID NO: 5; a
homologue of the MepS1 having the amino acid sequence set forth as SEQ ID
NO: 5; or a MepS1 related protein having at least 50% sequence similarity to the
P. fluorescens MepS1 amino acid sequence set forth as SEQ ID NO: 5, and a
corresponding gram-negative bacterial host cell deficient in the activity of the first
protease and the second protease, and deficient in the functional protease of the

compared recombinant gram-negative bacterial host cell.

78.  The recombinant gram-negative bacterial host cell of any one of claims 1-45, or

any one of claims 47-77, wherein the gram-negative bacterial host cell is not £. coli.
79. A recombinant polypeptide comprising: a secretion signal peptide operably linked to
a heterologous protein or polypeptide of interest, wherein the secretion signal peptide has the

amino acid sequence set forth in SEQ ID NO: 11.
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80. The polypeptide of claim 79, wherein the protein or polypeptide of interest is selected
from: an antibody, antibody fragment, or a derivative of an antibody or an antibody fragment; an

enzyme; a cytokine; a chemokine; a growth factor; a fusion protein; and a vaccine antigen.

81. The polypeptide of claim 79 or 80, wherein the antibody, antibody fragment, or a
derivative of an antibody or antibody fragment is selected from: a monoclonal antibody; a full
chain antibody; a complementarity determining region (CDR) fragment; a CDR-grafted antibody;
a single-chain antibody; a single chain antibody fragment; a modified antibody; a variable-region
only antibody fragment; a bispecific antibody, a chimeric antibody; a triabody; a tetrabody; a
minibody; a linear antibody; a chelating recombinant antibody; a bibody; a dibody; an intrabody;
a nanobody; a small modular immunopharmaceutical; an antigen-binding-domain
immunoglobulin fusion protein; a camelid antibody; a shark single domain antibody (VNAR); an
avian antibody; a VHH; a VHH-containing antibody; a VHH concatemer; a F(ab); a F(ab)’;
F(ab)’2; an scFv; an Fc fragment generated from the heavy chain constant region of an antibody;

a reduced IgG fragment; an Fc fusion protein; a domain antibody; a VL; and a VH.

82. The polypeptide of claim 80 or 81, wherein the antibody, antibody fragment, or

derivative of the antibody or antibody fragment is humanized.

83. The polypeptide of claim 80, wherein the enzyme is a therapeutic enzyme.

84. The polypeptide of claim 83, wherein the therapeutic enzyme is selected from: a
peptidase; a lactase; an amylase; a PEP; a digestive enzyme; a uricase; a rhodanase; a urokinase;
a streptokinase; a staphylokinase; a phenylase; a sacrosidase; a lysozyme; a chitinase; a
ribonuclease; a glutaminase; an arginase; a vibrilase; a chondroitinase; a hyaluronidase; a
galactosidase; a glucuronidase; a glucocerebrosidase; a thymidine phosphorylase; a carbonic
anhydrase; a uricase thiosulfate-cyanide; a sulfurtransferase; a phosphothioesterase; an alcohol
oxidase; an alcohol dehydrogenase; an asparaginase; a glutamine synthase; an adenosine
deaminase; bovine pegademase; alglucerase; dornase alpha; imiglucerase; sacrosidase;

rasburicase; agalsidase beta; and nattokinase.
85. The polypeptide of claim 80, wherein the fusion protein is selected from: an enzyme
fusion protein; a protein A fusion protein; an albumin fusion protein; a thioredoxin fusion

protein; a ubiquitin fusion protein; a streptavidin fusion protein; a maltose binding protein fusion
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protein; a chitin being protein fusion protein; a SUMO fusion protein; and a glutathione-S-

transferase fusion protein.

86. The polypeptide of any one of claims 79-85, further comprising a linker.

87. The polypeptide of any one of claims 79-86, further comprising a cleavage domain.
88. The polypeptide of any one of claims 79-87, wherein the secretion signal peptide
directs expression of the protein or polypeptide of interest to the periplasm or the extracellular

space of a prokaryotic host cell.

89. The polypeptide of claim 88, wherein the prokaryotic host cell is a gram-negative

bacterium.

90. The polypeptide of claim 88, wherein the prokaryotic host cell is a gram-positive

bacterium.

91. The polypeptide of claim 89, wherein the gram-negative bacterium is a Pseudomonad,

V. natriegens, or E. coli.

92. The polypeptide of claim 90, wherein the gram-positive bacterium is a

Corynebacterium or a Bacillus.

93. A method of producing a protein or polypeptide of interest in a prokaryotic host cell,
the method comprising: producing the protein or polypeptide of interest in the periplasm of a
prokaryotic host cell cultured in a cell culture growth medium, wherein the prokaryotic host cell
comprises an expression construct comprising a nucleic acid encoding a recombinant polypeptide
comprising the protein or polypeptide of interest operably linked to a secretion signal peptide that
directs expression of the protein or polypeptide of interest to the periplasm of the prokaryotic
host cell, wherein the secretion signal peptide comprises the amino acid sequence of SEQ ID NO:

11, and wherein the secretion signal peptide is not native to the protein or polypeptide of interest.

94. The method of claim 93, further comprising isolating the produced protein or

polypeptide of interest.
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95. The method of claim 94, wherein the protein or polypeptide of interest is selected
from: an antibody, antibody fragment, or a derivative of an antibody or an antibody fragment; an

enzyme; a cytokine; a chemokine; a growth factor; a fusion protein; and a vaccine antigen.

96. The method of claim 95, wherein the antibody, antibody fragment, or a derivative of
an antibody or an antibody fragment is selected from: a monoclonal antibody; a full chain
antibody; a complementarity determining region (CDR) fragment; a CDR-grafted antibody; a
single-chain antibody; a single chain antibody fragment; a modified antibody; a variable-region
only antibody fragment; a bispecific antibody, a chimeric antibody; a triabody; a tetrabody; a
minibody; a linear antibody; a chelating recombinant antibody; a bibody; a dibody; an intrabody;
a nanobody; a small modular immunopharmaceutical; an antigen-binding-domain
immunoglobulin fusion protein; a camelid antibody; a shark single domain antibody (VNAR); an
avian antibody; a VHH; a VHH-containing antibody; a VHH concatemer; a F(ab); a F(ab)’;
F(ab)’2; an scFv; an Fc fragment generated from the heavy chain constant region of an antibody;

a reduced IgG fragment; an Fc fusion protein; a domain antibody; a VL; and a VH.

97. The method of claim 95 or 96, wherein the antibody, antibody fragment, or derivative

of the antibody or antibody fragment is humanized.

98. The method of claim 95, wherein the enzyme is a therapeutic enzyme.

99. The method of claim 98, wherein the therapeutic enzyme is selected from: a
peptidase; a lactase; an amylase; a PEP; a digestive enzyme; a uricase; a rhodanase; a urokinase;
a streptokinase; a staphylokinase; a phenylase; a sacrosidase; a lysozyme; a chitinase; a
ribonuclease; a glutaminase; an arginase; a vibrilase; a chondroitinase; a hyaluronidase; a
galactosidase; a glucuronidase; a glucocerebrosidase; a thymidine phosphorylase; a carbonic
anhydrase; a uricase thiosulfate-cyanide; a sulfurtransferase; a phosphothioesterase; an alcohol
oxidase; an alcohol dehydrogenase; an asparaginase; a glutamine synthase; an adenosine
deaminase; bovine pegademase; alglucerase; dornase alpha; imiglucerase; sacrosidase;

rasburicase; agalsidase beta; and nattokinase.
100.  The method of claim 95, wherein the fusion protein is selected from: an enzyme
fusion protein; a protein A fusion protein; an albumin fusion protein; a thioredoxin fusion

protein; a ubiquitin fusion protein; a streptavidin fusion protein; a maltose binding protein fusion
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protein; a chitin being protein fusion protein; a SUMO fusion protein; and a glutathione-S-

transferase fusion protein.

101. The method of any one of claims 93-100, wherein the nucleic acid encodes a

linker.

102.  The method of claim 101, wherein the linker comprises a cleavage domain.

103.  The method of any one of claims 93-102, wherein the prokaryotic host cell is a

gram-negative bacterium.

104.  The method of any one of claims 93-102, wherein the prokaryotic host cell is a

gram-positive bacterium.

105. The method of claim 93, wherein the gram-negative bacterium is a Pseudomonad,

V. natriegens, or E. coli.

106. The method of claim 94, wherein the gram-positive bacterium is a

Corynebacterium or a Bacillus.

107.  An expression vector comprising a nucleic acid sequence encoding a recombinant

polypeptide of any one of claims 79-92.

108. A prokaryotic host cell comprising an expression vector of claim 107.

109.  The prokaryotic host cell of claim 108, wherein the prokaryotic host cell is a

gram-negative bacterium.

110.  The prokaryotic host cell of claim 108, wherein the prokaryotic host cell is a

gram-positive bacterium.

111.  The prokaryotic host cell of claim 109, wherein the gram-negative bacterium is a

Pseudomonad, V. natriegens, or E. coli.
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112.  The prokaryotic host cell of claim 110, wherein the gram-positive bacterium is a

Corynebacterium or a Bacillus.

113.  The prokaryotic host cell of any one of claims 108-112, wherein the nucleic acid
sequence encoding the recombinant polypeptide is optimized for expression in the prokaryotic

host cell.

114.  Use of a recombinant polypeptide of any one of claims 79-92, an expression
vector of claim 107, or a prokaryotic host cell of any one of claims 108-113, for expressing a
protein or polypeptide of interest in the periplasm or the extracellular space of a prokaryotic host

cell.
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